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0. Abstract (Continued)

i u i.-space Medical Research Laboratory, Wright-Patterson
__eL Base, Ohio, by personnel of that organization.

.. ziion of these methods and techniques resulted in time
. £. of coordinate positions, relative to the test seat, of

Sr!- -.metric points during the impact and response periods.

coordinate system defined for each of the experimental
-t ro,&rams is described. Coordinate positions of reference

* =:,s ana camera locations in the various coordinate systems are
"*'r~ted. The techniques used to locate and mark anthropometric

,, t on the test subjects are described.

'!e tracks of the marked anthropometric points were recorded
.--it each test event on 16 mm motion picture cameras opera-
t a nominal speed of 500 frames per second. Projected imaqe

':-..tes of the tracked points were digitized semi-automaticall%
of the frames during the event and were electronically
to time-seat ccordinate position histories for displace-

, :.0,; ecity, and acceleration analysis.
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i- < ,l i, . .. b ;o - (n : tL,' ' " 1"' 1.-, re . moi o s ,n o ',, s.:at s :r s'3 t n r , (dn :: "": ,: -. ' , .torfla' :orces j(

Prac~ sses w y" , 'iL , t o _> :acic t ',res o': :GtOt lSons, Liarar

ini noplanar, inr rToti.,n eraili rcsktied 5:r:rm two types

: h.v, an r isn simula cisnS, rearwir.c erari : of t..,3 i:est

.:hicie from a standina positicL by the r rizcnta- l.,a cli 7cel-

raor, anu decelieratian of the test 7tnicle fro :.ct-wird -ict :

bv the Hydraulic Decelerator, and from the ipper torso :ruti'r.i

-nvironment simulated cnf the Bodv PositioneIc ,e rrc n,

" npLanar motion resulted from heai an crash sy"n.a-.s .-

;,n-ch the subjects were asvmmetrica.l' rest:-a: , "4 . T

on crash simulations.

Prior to each experimental test "rcram av, :,oz;oL7

data requirements were specified. These specifica .icns eter

mined the number of cameras to be used and their locaiont Ina

orientations. The specifications also determine( thc nur- -

:oving points to be tracked and ,ti them. ,>,: r,-

coints an the field of view n: n - .-.

cials and their coordinates W-,

The recorded test dat" were t

a viewing screen equipped with hnorizontai and v--"t

the relative positions of which were d <:tall" ena:,

shaft angle encoders attached to the sI-ts -,t -

knobs. The encoders excited ao-down .

horizontal and vertical disa ;,r," _

jected image of each of the :r<nt. S-n'.

then computer process,- to time h:,

sional coordinate positions An

acceleration were uera_'a.



I'

The techniques and procedures applied to reduce data from

each of the major test programs are described in this report.

The coordinate solutions were adequate to use as comparisons

with predicted trajectories of the various points. With the ex-

ception of the Injury Protection Comparison study and the elbow

trajectory data from the -G (6, 8, and 10G) study, errors in

solution were less than one-eighth inch. Large errors in x-

component of displacement were evident in the data from the Whole

Body Restraint-Lateral test program. The indications are that the

ang.le between the optical axes of the cameras (11 and 12) was too

small.

Derived velocity and acceleration data are not sufficiently

accurate to use for predictions. Improved filtering methods and

gc~ter accuracy in coordinate solutions would be required to

improve the utility value of these data.

2



RIF-

PREFACE

The work described herein was accomplished for t.t! benefit

of the Aerospace Medical Research Laboratory, Wriqht-Patterson

Air Force Base, Ohio under Contract F33615-76-C-0525 durinq the

period 1 September 1976 through 30 April 1979. This contract

was monitored initially by Major John P. Kilian and later by

CMSgt. Joseph M. Powers of the Biomechanical Protection Branch,

Air Force Aerospace Medical Research Laboratory.

University of Dayton personnel who made major contributions

to the program include William J. Hovey, Project Supervisor,

Henry T. Mohlman and Ronald C. Reboulet, Research Mathematicians,

and Philip A. Graf, Research Technician.

The authors gratefully acknowledge the cooperation and

assistance provided by Mr. Jim Brinkley, Branch Chief:. Maj. Jonn

Kilian and CMSgt. Joseph Powers, the Contract Monitors, tne

Project Engineers and Principal Investigators and all other per-

sonnel of the branch. Assistance and cooperation of personnel

of the Technical Photographic Division, 4950th Test Wing, and of

the Digital Computer Operations Division, Aeronautical Systems

Division, are a. -gratefully acknowledged.

3



TABLE OF CONTIENTS-

2 AN.L, "5 4 LAA;,, ' 10T;,

2 .1 THEORY i3

2 .2 HORiZONTAL IMPACT FACILITY PHOTOM.ETRIC
DATA ANALYSIS PROCRAMV (lil'FPD)

2.2.1 Main Routine
2 .2. 2tin CLL (4 7 ,I

2 .2- . 5 Subroutine 'X. , ,7CXN

2.2.6 Subrou.tine ROTA''TE N, JI, 1F)
2.2.7 Subrou,-tine MEAN 1 (Nx, z
2.28 Subroutine MEAN" 4 ? DI, DC, XD, .

20t, SNI\ .'Y-E-X 2'

2.2.10 nc-cript icn ~ r~ NL u

2.3 REFS TR;A iN V7SY,'TT I 7)%l AV jC'Y

R I GID CDMPARI
-. 3.i Reoui re~~-
2.3.2 Photometric 'r
2.3.3 Data Accuisai- or
2.3.4 Photocrarmrnetric XiLri:
2. 3.5 Data Reduct .on '-roce

23. 5. E

2. .4.1 ~

22.4.7j
2.4 5 ata2.4.1.!,).

24..

2.4.6 0 's I 1

2.5 UPPER TRS C :\

2............7



TABLE OF CONTENTS (Continut'

Section

2.5.4 Data Reduction 1'r,,

2.5.4.1 Eiitinh;-
.5 .4 .2 D ig it i z n
2.5.4.3 Electronic Data rc::

2.5.5 Results and Accuracy

ANALYSIS OF NONPLANAR MOTIONI

3.1 DOT 6 YEAR OLD CHILD COMPARISON

3.1.1 Photometric Data Acouisitac::.

3.1.2 Data Reduction

3.2 WHOLE BODY RESTPJ\I' NT-LPT7,PA1.

3.2.1 Seat Coordinate st2
3.2.2 Camera Locations
3.2.3 Data Acquisition
3.2.4 Data Reduction

3.2.4.1 Film Editinc-
3.2.4.2 Projected, Tmaoe
3.2.4.3) Electronic Data

4 PICTOGRAPHIC PRESENTATl(CU

4.1 PROGRAM RSD INPUT REQ-'IRFNTXN'7>

4.2 FILMI DIGITIZING PROCEDURE

4.3 RESULTS

APPENDIX A: P RO GRAM I F PD

APPENDIX B: PROGRAIM WLI2T.

APPENDIX C: PROGRAM RSD

APPENDIX D: PROGRAM% CHIFPD



LIST OF ILLUSTRATIONS

Figure Pace

1 Observed Point and its Film Plane Image Relative 14

to the Optical Axis.

2 Film Plane Image of Scene Coordinate Axes. 15

3 Relationship Existing Among Image Plane, Projected 16
Image Plane and Object Plane.

4 Project Images of Observed Points Equidistant from 17
Optical Axis but Lying in Different Planes Normal
to the Optical Axis.

5 Relationship Between Projected Image Coordinate 18
System and Scene Coordinate System.

6 HIFPD Flow Chart. 26

7 CPLT Flow Chart. 28

8 SM Flow Chart. 32

9 DERIVI Flow Chart. 34

10 QLSQ Flow Chart. 37

11 ROTATE Flow Chart. 40

12 MEAN1 Flow Chart. 43

13 MEAN2 Flow Chart. 45

14 Typical Deck Setup for HIFPD Computer Run on
Cyber System.

15 9TAP Assembly Orientation. 58

16 RSD(N/O/R) Seat Coordinate System and Onboard 60
Camera Locations.

17 -5OGx Injury Protection Comparison Photometric 83
Range and Seat Coordinate System.

18 Average and Modified -50G X Readings Versus Grid 85
Displacement.

19 BPRD Seat Coordinate System and Reference 104
Fiducial Locations.

20 Camera Locations in BPRD Seat Coordinate System. 107

21 Frequency Response of 11-Point Smoothing as 116

Applied in the HIFPD Program.

22 DOT Six-Year-Old Child Comparison Seat Coordinate 121
System and Survey Data, Forward Impacts.

23 DOT Six-Year-Old Child Comparison Seat Coordinate 122
System and Survey Date, Lateral Impacts.

6



LIST OF ILLUSTRATIONS (Continued)

Figure Page

24 Typical Scene Prior to Forward Impact as 123
Observed by Cameras 6 (Upper) and 7.

25 Typical Scene Prior to Lateral Impact as 124
Observed by Camera 7 (Upper) and 8.

26 WBR-L Seat Coordinate System (SCS). 128

27 Schematic of Camera Locations and Orientations, 129
WBR-L.

28 WBR-L Reference Fiducials Schematic. 134

29 Projected Film Frames From Cameras 12 (Upper) 138
and 11 as Viewed by Operator, WBR-L.

30 Projected Film Frames From Cameras 13 (Left) 140
and 14 as Viewed by Operator, WBR-L.

31 Pictograms of Displacements of Body Segments 152
and Restraint Harness as a Function of Time.

7



A D A ,

;M((7-T D V F 1I
T" T. -I I ,



Ct, 77 .-' ON ' T ,P



rI

SECTION 1

INTRODUCTION

The high injury and fatality rates associated with vehicular

crashes and emergency escape from aircraft dictate the need for

determination of impact exposure limits and the evaluation of the

effectiveness of various protection system configurationF -.nu pro-

tection principles and techniques. In response to th.se needs, the

Biomechanical Protection Branch of the Air Force Aerospace Medical

Research Laboratory (AMRLi'BBP) has rigorously conducted experimental

test programs, developing in the laboratory simulations of the

environments to which crewmen might be exposed. Data collected from

these experimental programs provide the bases for verification

and/or improvement of predictive biodynamic models.

This report describes and documents the photometric analysis

procedures and processes developed and applied by the University of

Dayton Research Institute (UDRI) during the period 1 September 1976

thru 30 April 1979, in support of AMRL/BBP research and development

programs.

The photometric work accomplished is summarized as follows:

" DOT 6 Year Old Child Comparison. The reduction of photo-

metric recordings of points on the heads of dummies and

baboons to time histories of three dimensional coordinate

positions was completed.

" Restraint System Dynamics. Preparation of test subjects

by application and documentation of tracking fiducials

was accomplished. Reduction of film data to two dimen-

sional time histories of displacement, velocity, and

acceleration of six points on the heads and extremities of

nine human subjects and one manikin during ninety-one

tests was completed.

* Whole Body Restraint-Lateral. Preparation of subjects by

application and documentation of tracking fiducials was

accomplished prior to each test. Reduction of film data

10
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to time histories of three dimensional displacements,

velocities, and accelerations of nine points on the heads

and torsos of ten human subjects and three manikins

acquire, during fifty three of the tests was completed.

0 Upper Torso Retraction. Preparation of subjects by

application of fiducials and measurement of variable

breadths was accomplished prior to each test. Film data

collected during two tests were reduced to two dimensional

time histories of displacements, velocities, a:i, accelera-

tions of nine points on the subject and one point on the

retraction piston.

* Impact Protection Comparison, -50 G Acceleritor.x

Preparation of subjects by application and documentation

of fiducials was accomplished prior to each of eighteen

tests. Data were digitized from seventeen of the tests

and were reduced to time histories of displacements,

velocities, and accelerations of six points on each of

the subjects.

" Impact Protection Comparison, -50 G Decelerator.x

Preparation of subjects by application and documentation

of fiducials was accomplished prior to each of twelve

tests. Film data from eleven tests were diqitized and

reduced to time histories of displacements, velocities,

and accelerations of six points on each of the subjects.

" F-1ll Generic Study, -G . Preparation of subjects by

application of fiducials and measurement of their relative

locations was accomplished prior to each test. A process

was developed to plot pictograms of the head and extremi-

ties of the subject and the projection of the harness

geometry in the X-Z plane. The process was demonstrated

with data digitized from film(s) ot testis).

11



Ih-< Sultu : tlt, ~ x~txi :

rtuutciin tabular7 and 7mrlii



_91

AN 1 Y I F

+G acce eratl1 o n ' l :),'! 't,!. : .

points on these sab ...

the extremities is Thmo' ,,. . :

tude as to warrant thr- -ie.s L n-11

point, or points, were suib.[ .

recorded on a s in. :e meotn ir. ,pC.< a .am- c

Horizontal Impact Facility Photomer, ' ,.. . .....

The test programs from which data were reauui s-::,:-hs

were:

" Restraint Syste'm Dvnalics

" Upper Torso Retractin

* Impact Protecti( n cmpa"rs,

The original version of HIFTL' was &,e.:L: .' < , -F.

earlier effort and was documented rn A,. -.- 'o 9. .... :e

has since been modified by the a&:cit -  threu sbrctit-s,

rotate, mean 1, and mean 2, which were deveiopecd to i:rrovi 2co,-

racy by minimizing the effects of camera %:ibration an in

registration variations, and to provide statisrica 1C'i;Y.

reading accuracy and smooth inc efects. 'hu crre.t ",osi'n

this program is described in the foilowinc sect:orn eec !rst;

the program source statements is Dres :nt.; in i r.fl:x

2. 1 THEORY

When a camera photographs a soon,, the f i .'.,

image of an infinite number of rays of light emAii,it I:BT, 'iom i.

infinite number of points in thu scen.,, th' c.s hr . :n w:
the rays pass is such that it int reduces co s ,.., ".

image of a given observed point wii str- l the '... .:<t

r , from the center o-f the .;,aje o: h, e...... .. , : .

relationship to the dstonct.e, , , . ......

observed o n t in" th, : an. ,.j ' x , t,
t.-ince , 3 ,i : i~' i~ e.); *± , ;' i .' .h h ; ,. .



Figure 1 illustrates this relationship.

Optical --

p.p
Axir.r

pi f

Figure 1. Observed Point and its Film Plane Image
Relative to the optical Axis.

Having the focal length of the lens, sf, given by the

manufacturer and the measured distance, ri , the distance, r, can

be calculated by similar triangles to be:

ro= so(ri)

This does not, however, permit the determination of the

vector direction of r from the point at which the optical axis

penetrates the object plane.

If one could construct a perpendicular set of axes, x and

z, in the object plane, for instance a horizontal and a vertical

line, intersecting at the optical axis, then the vector direction

of the line segment, r., can be determined by measuring the angular

displacement of its image, ri , from the image of the x axis or by

measuring the coordinates of the image point, pi, and solving for

14



the angle:

. = tan i.
x.

as in Figure 2. Construction of material axes in the observed

scene is usually not practical so an alternate method will be

offered later in the discussion.

x
z

r

0

Pf
0

x

Image Plane

Figure 2. Film Plane Image of Scene Coordinate Axes.

Since the image recorded on the film is so small, it is

impractical, if not impossible, to determine the coordinates of the

image point without maqnification. The reQ(uired manifiction is

usually provided by a projector, althouh :icroscopes have also

been used. If a projector is used, and t lens introducus no

4istortion, then the screen, or proJucted ima,;e: iin, coil i Ibe

15



•:snc~U roi tho . m{ .lent of i :laeri , normal T- the optical
hi e exi s L.i bL I twc';. the focal point of the camera and the

Lowe by the cara at a distance, s, from the focal point

F iFr 3). Now, again assuminc; no distortion, we have the r<-
t.:ri nszhir :

OI-

Ar. .. .. i ,: A mn, ........ P l a n e I, Jt .(.

I I o

r t=

u ,'; PC 3. i..' 1- Aor~hfl. E xi stingr Aiong 2 iwa{e Plane, Pro i .cteo
Emagc< Piane :and Obj ect Plane.

I f a :;t::a point, p~o, on a line "pa'rallel to the,. opri.(--m

iot -nd passinjg through the first object point (such that r0 2 =r

i1 f <.hse:-ed, Llie distance, r from the optical axis (or center
or ro .'ectJ image) to the projected image point, p 2 ' is relat.

to the distance 5 as tho distance r .) is related to s , 1..

S S

s s
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7' k.: ec L'd ~ac~s - 'm~ oj t-s Lquidistant
tris Otial xis~t1-yinq in Different Planes

Nc-rma.i tn rhe 9vtic rl -~

'Now ltt us return tco thio Io " elafrinq the orienta-

tier- o f t he film frame imaoe t-.( thr chscrv-C scene. As has been

stated, it is usulally not practical to ra a sot of axes on the

oosnrven scene. It is, howev,.er, prl-c~ro to establish a coordinate

system in the scrne andi survey, the, cnac, of several fixed

points of ref erce in, the eta<vntr.Fiqure 5 illustrates

the rr~~rdimage --f the o n ,the -)rigin --fth scnco

ordinate s'ten(SC F) and p I and p. oci oi~h are surveyed reference

points. For the sake of simplificat'ion, the three points are co-

planar ir. a plane, v=n, n ._rmal to the optical axis although in

practice this is not required. The irnaqes of these points are pro-

ject-c or, : viewing screen on which -i coriaesystem is imposed,

which %we shall call the proecee(occcoruiinate system (PCS).

flavin-, thr coonrdinatc7, in the 2C of thr two obser-ed points P 1

andp zI ,ro, otef! Iriie can r-rw h,,.tao rolative to the

PC.,; :<: the :lo nnh
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2.2 HORIZONTAL IMPACT FACILITY PHOTOMETPI" PATA. ,,.' -
PROGRAM (HIFPD)

Horizontal Impact Facility Photometric Data Anal'.-

gram (HIF.1 is a ki: Ita I rmu: tt H r .'

the Hvqe Impact Fact Ii ty Photomet ric i,- ta r

tection Branch of the Biodynamics Bioenginme-, IV..,..

AFAMRL. The proqram was compiled and exe-ul -

computers at Wriqht-Patterson Air Force Base. ' . .. A

plot package is used to plot data and thua 2 is,

load and execute the tirograni.

This program inputs the codke sheot ,. j id >r,- : "

trol prarameters described in the section entitled "! s,'r,,I, .

Program HIFPD Input Data and Parameter C-)odes" an' i '.3x-u .

(MAXN) frames of x, z position data for the ranqe, s]-d, hi,.

shoulder, elbow, head point I and head poiPt 2 for TTYIV<}-1) )r

range, sled, head point I and head point 2 for ITYPrI7Ei. The i-.

card format are also described.

The program computes the followina: four types of data as

requested by the program control parameters:

(a) The input data versus frame number and the frame to

frame differencos are printed in counts. T'he range , iffer..nck

is subtracted from the frame to frame di fterences for each of th..

seven parameters. The or:Iv vaIue of this di fferenc, da-n -i a j..11

be to spot errors in the data. Wh11-11 h+- n:u f at are r rI'

and translated (IQ'AM<1- , t'-, 1-:Th1lt m!:-t.i .

printed versus fnmo nuI--I--: .s! ] ,: I I

(h) The displaceme ,nt., (:-. :u,. , . .

elbow, head roint I ind he id p. -,ir 2 r, , .

puted , an d a ov . I ev n t . 'JI 2 " - - • -n

fit is use, I to smoot.h the dIata. The:' : 2'- - -

requeste( on the test sot-up aird.

(c) The inaqil.s in irlins botwc-: ; i . h

'ind betwee 1 tle h,.Id :,*int in h ad :' " us I r

the above smoot e, - ia ta,. The ,riu I an ,' , V . * I - ?i2I-:t ,d n



radians per seconi usin a -m.oving 11 point uadrat : i

angle versus time data 3o" et. oerivat.

tion) The angular acceleration is computed us in----- -v----------------

point quadratic fit of tho :u.>ett

are also plotted as rI :ustea on th 2 test scrL

(d) The linear e-.cit. .-ndr

bination of the oiuht variables are ccmputed as re ,sr, .

test setup card. For e:L_ th,- linear veloc t.'

of the head point 1 re-t.'c -, t4e rance, sled -

ranqe or the head oi it - r eL i tc the sled

Note that ranqe relatv- to soi e other parameter•

To compute these linear vui ia and acceleratio)n dIata,

displacements are computed for tie variable of

to the reference variable. " in clven

least square smoothino, .niw..n 1' soplie u to -. x

histories. A moving eleveni point quadratic .least saars t

then applied to these smooth.ed x and z-axis displaceent d Ita t

obtain the x and z components of velocity. Next this sane s:>octh--

ing routine is applied to these x and z-axis velocity data to com-

pute the x and z components of acceleration. The resultant '-is-

placement, velocity, and acceleration data are then corputed ,sino

these smoothed x and z component data. These data are _rinted

and plotted as requested on the test setup card.

The three external files used by this program are t'>i icsiut

file (unit 5) used to read all code sheet and data cards. 'lh

output file (unit 6) used to print all output, and TAFET unit ".

used to generate the plotter t Ape. l imaon etic ta : s

quested with TAPE7 as the local file name.

The follcwinq sections o f this report preseit

scription of the main proura' nd all subroutines oxce;_ 'a,

COMP plot routines. Flow I:' t ar 3so Lncde. n, rC1: .

Appendix C contains a 4,:-t - 'ti: ! toe ,

and Appendix D contains a' , .: v:-de i " .

output data (incladi,: .
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XD(1)=X(I,l) - X(I-1,1)

XD(J)=X(I,J) - X(I-I,J) - XD(l).

th
XD(l) is the rankle difference from the : frame and XD(J) is the

th th
variable minus range difference for the J variable and the T

frame. The above are also computed and printed for the z axis

data.

When code sheet parameter ICAM is greater than one (camera

is on the sled) subroutine ROTATE is called to rotate, translate,

and calibrate the x and z axis data. When ICAM is less than one,

these x and z axis data are adjusted for shifts in the range re-

ference readinQ and then converted from counts to feet (in the

Main routine):

Hl=X(I,l - X(l,l)

H2=Z(1,i) - Z(l,1)

X(I,J) = (X(I,J) - HI) * CAL(J)

Z(I,J) = (Z(I,J) - H2) * CAL(J)

where CALJ) is the calibration factor for the Jth variable

j=2 to 8). Next subroutine MEAN1 is called to compute and print

the mean and standard deviation about the mean for the sled re-

ference data. This provides an estimate of the film reading errors

since the adjusted sled reference should be a constant.

When program cortrol parameters TPC - 2 or IPA < 2, x and

z axis motion relative to the sled are computed for variables 3

to 8 (or 7 and 8 for ITYPE=l):

XD(l)=X(I,J) - X(I,2)

ZD(I)=Z(I,J) - Z(T,2).

Subroutine SM is called to compute a moving eleven point (NP-Li ',

;puadratic least square fit to smooth the X and Z axis data. The

smoothed data are stored in arrays XX(I,JJ) and ZZ(I,JJ) where

JJ=J-2. As a result of the eleven point smoothinq, five frames

are lost at the beginnino." and end of the test data; this is tr, e

22)
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NI1 - number of points used in least
square fit

El - first point used in composite
plot

L2 - last point used in composite
;)lot

XX - array o: x axis displacement
ddta

ZZ - array of z axis displacement
data

ICAL - flag array which identifies
defined data

LCAL(J) = 0 - th variable
[C::i.f u) d f" :

HEADL - array containing var lable
names used in lecend

'FES' ' 
- test i&dntification used

i.n legend

IRX - flag used to setup composite
plot X axis scale

DYLP - y incremenit per inch ror
linear plots

Sunroutine Length: 16128

Labeled Cor.mmon Length: 248

Blank Common Length: 70668

2.2.3 Subroutine SM(X, Y, YC, N, NP)

Subroutt in SM Is a smoothing routine which computes

.i 1 idad- tic least square Lit or NP dependenL variable data points

(Y) to compute each smoothed data point (YC) . Since NP data points

ire usod to comp ut,. each smoothed point, M data points are lost

at the bt-grin ing and e.nd of array YC, where

M= (NP-I) /2.

) O



Method

The first (MM) and last (NN) array indices for which YC(I)

are computed are determined as follows:

MM=M + 1

NN=N - M

where M is defined above and N is the number of original displace-

ment points in array Y. Subroutine QLSQ is called to compute the

CI, C2, and C 3 coefficients for each of the I smoothed points which

are then computed as follows:

YC(I)=C1 *X(I) + C2 *X(f) + C

A flow chart for this routine is shown in Fiaure B.

Error Diagnostics: NONE

Subroutines Required: QLSQ

Argument List: X = array of independent variable

Y = array of dependent variable

YC array of smoothed dependent
variable data

N = number of original disni zce-
ment versus time data points

NP number of points used to
compute each smoothed data
point

Subroutine Length: 758

2.2.4 Subroutine DFRIV1 (X, Y, YP, N, I, Tb)

Subroutine DERIVI computes the derivative (YP) of the

dependent variable Y. A quadratic least square fit of NP points

is used to compute each derivative point; thus K Doints are lost

at the beginning and end of array UP:

31



SM

7=.pute in.-cices 1
first ',LI) and lasz
INN) smoothed data
points

7--,pute Indices of
first (N24 and last

I(,N2,1 ooints used to
compute thie smo-L.-

ed data point

Call CLSQ to comcrutce
zcefficients forth

Kth smo~othedpon

Cornmote -t smnoothned

data Point:

Fligure 8. SM F10w hart.
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K = M + M * iD,

M = (NP - 1)/2,

ID I for first derivative, and

ID = 2 for second derivative

.:; I ID i, array Y contains displacement data which

i' " _aiready been smoothed using a quadratic least square fit over

:-ins; thus, M points have already been lost from the original

Sdccint lata. For ID = 2, array Y contains first derivative

.~;'c t.') data which starts at array location Y(2*M + 1).

"t hod

Thu first (MM) and last (NN) array indices for which YP(I)

>a_.:7aed are determined as follows:

MM = K + 1

NN = N - K

wcrc ±K and M are defined above and N is the number of original

I lacement data points. Subroutine QLSQ is called to compute

be C 1 , C2 , and C coefficients for each of the I derivative

-.eints. The derivative YP(I) is then computed as follows:

YP(I) = 2* C *X(I) + C 2 .

A flow chart for this routine is shown in Figure 9.

Error Diagnostics: NONE

Subroutine Required: QLSQ

Argument List: X = array of independent variables

Y = array of dependent variables

(displacement or velocity)

YP =array of derivative data

N = number of original displace-
ment versus time data points

numbur ot points used to
computf: each 1:erivativc point



u-rst 1 -'-') and a~pt
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* Comuct, indices or-

7; and lazst
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It-rlvative
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Iet ur n

F-,:ure 9. DERIVI Flow Chart.



contit- points 1,)I

i:' ' _ , "

... - :ub : ' i::e : , , ("x, Y, Ni , >2, C'

N .. N .F'N must be "r c .c, ...... . . .

M ethod.

The independent .,,ariable i _,-

-F, where

FE X(NN),

NNk NI N N2

and XP T N( ) - FF.

The ,uadrat ic ocv1,it-ie-n Ln Lorms c*- t ho

vairlable is

WA *XF2+ A 2+A

Th- least square residuals aro a rru TIi -,-,I wht-,h
ti>Ds art, satistid:

3
2~~3

FF, where~ +\

1 +
X * A, + ,P , * t'+ -



where summations of XP and Y are computed for indc., I Ll

N2. Determinants are used to solve the above systevb!t

for the coefficients Al, A, and A,. The CI

are computed from A I, A 2 , an, A as follows:

CI=A 
1

C 2=A 2 - 'i A,*F
C3 A 3 + A I * FF A 2 * FF.

A flow chart for this routine is shown in Ficure 10.

Error Diagnostics: NONE

Subroutines Required: NONE

Argument List: X~array of ind-gent

Y=array of dependent va

Nl~index of first point asec
in fit

N2=index of last point used
in fit

C=array containinQ quadratic
coefficients.

Subroutine Length: 1348

2.2.6 Subroutine ROTATE(N,J,IPR)

Subroutine ROTATE translates, rotates, and calibrates t .,

on-board camera data stored in arrays x and z. All data arc,

lated to a coordinate system through the sled range referei- ,"-

(first x, z point for each time). The axis is then rotate,. ',

angle between the sled range reference and the sled referenc-

(second x, z point for each time) is the same for all ti.r s'-

i.e., all angles between the sled range reference and s-

ence are the same as the anule at time zero. The Jata i--

translated back to the initial coordinate syste (a
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FF= (NN)
Xt ) -F

Tcrnute sums of
3

XP , X; , XF, y ,j"2 j
XP .Y, XP.Y, andfor 1 1 cto N2

Compute Quadratic
Coefficients C(l)
C(2), and C(3)

Peturn )

Figure 10. QLSQ Flow Chart.
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Method

For the first time station, the range x and z data are

subtracted from the sled reference x and z:

XI=X(l,2) - X(l,l)

Zl=Z(l,2) - Z(1,1)

These differences are used to compute the reference angle R

R=arctan (ZI/Xl)

If - is less than zero, then

6 =R + 360.R R

This is the reference angle between the range and sled reference

points. For all other time stations, the axis through the range

reference is rotated to make the angle between the range and the

sled reference points the same as 0 . Note that for this first

time station none of the x and z array data are rotated or trans-

lated.

For time stations I=2 to N, the following are computed:

(a) All data (J=2 to 8) are translated to a coordinate

system through the range reference as follows:

X(r,J)=X(I,J) - X(Il)

Z(I,J)=Z(I,J) - Z(Il)

(b) Angle 9. is computed from the sled reference dif-1

ference:

i.=arctan [Z(T,2)/X(1,2)]

If . is less than zero, then
+

' = ±. 360.

38



(c) Angjle ' is the an Tl I , we h h" :- t ho I h,,",S

been rotated with res;c-ct t-P the i n t i a

I R

(d) The inverse rotation (or rotatior. uv -.

puted as follows for parameters J-2 tc 9:

X(IJ)=X(IJ) * Cos + Z(l,J) * sin-

Z(IJ)= -X(I,J) * sin Z "(1,.7 * os

te) The data points are then trm-nslited back to th-

initial rane coordinate systerm (at time zero;:

X(I,J)=X(I,.J) + X I I

Z(I,J)=Z(T,J) - 9(],f1

(f) All x and z data for param, 0:rs - 9 r r are cCII-

verted from counts to feet:

X(I,J)=X(I,J) * CAL(J)

Z(I,J)=Z(I,J) * CAL(J)

This subroutine also prints a listinc of frame numbor

versus parameter x, z data in counts when IPR is less than o: e.

A flow chart for this routine is shown "i Fi. Jre 1I.

Error Diagnostics: NONE

Subroutines Required: NONE

Argument List: N number : !is ",:,
time data p-nts

l index f fir v ,"

sled refere . F '

TP r int 1 P 1.,

Blank COMMON
Variables (used b,
this subroutine) : ,ra , 1 f. 1 ,1

X ~ - i raIy 1"-X ,lS ,: :t :

L I . . . .. l i

,|, | |
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CAL array of ca1L 'Li .'L :

XD = Jumr:3v a sr :S ..
data for it:,

Subroutine Length: 250

Blank Common Length: 23434

2.2. Subroutine M.EANI (N,X,Z)

Subroutine MEANI computes the mean arIJ.

deviation about the mean for x and z axis s, ' .

Method

toinpute the mean of the :: and 7 a:-:

N
AVX =- X(I)

N

AVZ =- Z(I).
I~l

Then compute the standard deviation of the dt, ,b.:

x and z axis value:

SMX= N
[X(I)-AVXI 2

I~l

N-1

SMZ N
[(1) -AVZI

[=1
,N- I

.4



F inally, r i it th - mea n a nd s,-t clnda, 1d 1i' 1 t -),~Ia t r) r- the s ta ndlar -

nmtput file

S ub rou tinik2s Reouired1 ~N E

Arjur-nt Li st: N nIumber (-f x an:;' dI.Ata

-3 yr' f z ix ijt p-A irts

Subc~tiieLen(th : 1l6

-2.8 Subroitinie MEAN) \i, 2,LDCXz-D, SMX, SMX2,

kNZ, N2 DZCXD

S!07rraut- inc MF:IAN2 r'ernuutes the mean an(! st -ndaFrd! lexiation

of unsmoothed ni nu~s smoothrcd x arid z axis data.-

Metliod

The sums and sum-, of squares of the unsmoothed! minus

smoothed dlata are computed ;is follows:

N2
SINX -. DI(I) - XD(T)

1=N1

N22
%IX 2 [[hUT) - XD(T)I 1

I -N I

N2
omZ - D(T) -Zfl(I)

l=NI

r)'
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s;i a Thove are defined in the arqurnent list el.

9Mand,, SIM") ind standard deviations (S>?and 272;

fr7 i the2sp-um and sums of squares:

2(PN

FNN- 1

c..a -);:rr thi s routine is shown i n FiP i~r

D ir Dia:nc.s tics: NONE

~.ct in,2s Reasuired.- NONE

nt List: NI = index of the frtdt
point used in the smaia

1112 = index of the last data rl~.

used in the ur ain

DT arrav of uns.Toathei x
data points

DC = arrav of nm thI a:a
data points

XD = array of smootbaci x ax:is
data points

7D =arra-y of smceathcl
dlata noints

SM: mean x axis at

,,MX 2 -sadr!l~itc

dIa t a

ZM moanran -,1-:
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were added to the file. This file was then copied on the card

punch and printer as a time saving measure in case the disk file

should be accidentally purged.

At this point the program HIFPD could have been attached

and executed; however, the normal procedure was to obtain the card

files and submit them in the batch mode on an overnight schedule.

This permitted the connect time to be used for read-in and editing

of additional data files.

Descriptions of specific procedures are presented in later

sections, and the composition of a deck assembled for a typical

computer run is illustrated in Figure 14.

2.2.10 Description of Program HIFPD Input Data and Parameter
Codes

I. Program Setup Cards

A) The first card in the setup deck must contain the

date in columns 1 to 10; for example, 12 FEB 74 or FEB 11, 74

(only one date card per job).

B) The following four or five cards are required for

each test in the computer job:

Card Number 1

Column Format Data Description

1-80 8A10 80 columns of alphanumeric information which will
be printed at the top of each page.

Card Number 2

1- 5 A5 Test number

6 Il IRX--flag controlling polarity of x-axis data -

blank or 0---no change
1---change sign of x-axis data

7 11 IPR--flag controlling input data and difference
printout - blank or 0---print data

1---omit printout
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Card Number 2 (Continued)

Column Format Data Description

59-60 12 NP--number of data points used in the quadratic
fit. NP must be an odd number 3; defauilt
is NP=ll.

61-65 F5.0 DYLP--velccity and acceleration linear plot scale
increment per inch (see parameter IPL).
Default is 2.5, 5, 10, 20, or 30 dependin-
on the range of the data.

Card Number 2A -- required only when IADJ > 0.

1-10 F10.0 Time calibration--number of frames per second.
May be left blank if film speed is 500 frames
per second.

11-20 F10.0 SLED calibration in counts per foot

21-30 F10.0 HIP calibration in counts per foot*

31-40 F10.0 KNEE calibration in counts per foot*

41-50 F10.0 SHOULDER calibration in counts per foot*

51-60 F10.0 ELBOW calibration in counts per foot*

61-70 F10.0 HEAD POINT i calibration in counts per foot

71-80 F10.0 HEAD POINT 2 calibration in counts per foot

NOTE: The decimal must be punched in the above data fields

unless the data are integer and are right justified.

Card Number 4

1 11 9 in column 1 to indicate the end of test input

NOTE: Cards 1, 2, and 3 are placed in front of the test deck

and card 4 is placed after the last frame in the test.

C) The last card in the input deck (before the end of

job card) contains the word "END" in columns 1 to 3.

*The calibration field for these variables must ho 'er,
for ITYPE=I.
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1- 4 Frame number

, 17 -reading in counts for Rance data

-7 readini in counts fc,r Ran o data
- 17 x for Sled

17 z for Sled
1 7 for Hip

1 '7 z 'or HiL

- a. tr Knee
-,.-T " .for K ne

-- ranme numbe r

".1 r c L . . . -3 -

:x r
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Card Number 2 (Continued)
Column Format Data Description

41-47 17 z for Head PoJint 1

48-54 17 x for Head Point 2

55-61 17 z for lead Point 2

IV. Card Formats for the Test Input Data Cards for r'i Y)T{=I

Card lumber 1

2- 5 14 Frame number

6-12 17 x readinu in counts for Rance data

13-19 17 z reading in counts for Ranqe data

20-26 17 . for Sled

27-33 17 zfcr

34-40 i7-1 :.: , f ,t

41-47 17 n Hal Ho et 1

48-54 17 :- r i H" o, 2

55-61 17 for Head Point 2

NOTE: For ITYPE=l, only I data card is read for each frame.

V. General -'omnents

Aj If there are any errors in frame or card identi-

fication numbers, error statements will be printed at the top of
the first output pace for the test and all computations after the

listing of the input dnta will be deleted.

B) A maximum of -)0 franes (MAXN) will be road '0r

each test. If the test input deck contains more than. O(, frmes,

only the first ,00 will be processod. This could he chanrd H':

changing MAXN and the arrav dimensions in the ,rcrac.

C) Ef the calibrat ion facto r f'r a 'arih-

In(, flaq ICAL(J) is set ,(jua] to zero ane that aria L w" 1]

deleted from the analysis.

4 ,
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TABLE 1

DEFINITIONS OF PRRE.I.S DATA T...

Item Definitions

RS Restraint Harness Materinjl

GN Nominal Impact Accelerat.or -C1)

RN Test Number

DT Date of Test (Year, Mentb., ZA"

1 Weight (Kg)

2 Height of head band fiducial above sled deck

3 Height of shoulder above sled deck

4 Height of iliac crest above sled deck

5 Trageon to 9TAP origin

6 Trageon to headband fiducial distance

7 Shoulder to elbow distance

8 Elbow to wrist distance

9 Hip to iliac crest distance

10 Hip to knee distance

11 Mid-thigh to knee distance

12 Knee to ankle distance

13 Breadth at trageons

14 Breadth at shoulders

15 Breadth at elbows

16 Breadth at hips

17 Breadth at knees

18 Breadth at ankles

19 Mid-shoulder height. Distance along seat back plane from
line of intercept of seat pan plane and seat back plane
to a line normal to the seat back and tancent to the upper
surface of the shoulder at the centerline- of the 1eft
shoulder strap.
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2.3.4 Photogrammetric Calibration

Calibration of conversion constants was based upon the

method illustrated in Figure 4 The fiducials on the lexan pane]
(y= -32.062) and the side of the seat pan (y= -8.0) were diqit:zc'

and the average conversion factors for those planes were calcu-

lated to be 2787.13 counts per foot (cpf) and 1650.74 cpf respec-

tively.

Referring to Figure 4 the following values were assigned:

r = r = 1 foot
0 02

r = 1650.74 counts
p

r p2 2787.13 counts

s - s = 24.062 inches.0 02

The distance, r, from the axis at which the ray from

PO to the focal point penetrated the object 2 plane was calculated

to be:

r _ r
r 02 rp2

1650.74 counts
2787.13 counts

r = .592 foot = 7.107 inches.

The apparent distance from the focal point to the plane

y= -8.0 inches was calculated to be:

s r
0 0

so-so2  r 0 2 -r

r
s = (s-S o ) (

o o2 r02-r

112 inches
s 24.062 inches (1 no 4.893 inches

s 59.01 inches.0

73



Cal *"'a It in I onversion constant f , for an, :)lane,

v-n, was then accoiplished usi- ,n:

x 16'0 .74 ':)unts 'ertoot

.ren ,=n=one h1a f the measured brealnth r-f the subcJct >ecween an-

throq ,cmetr c points -n the left and ri,,aht side.

3l .-- Data Redu 'ction Przocess

The ijta reductLon process consisted of data editing,

itzin:, and electronic data o.rocessino. Film editinq and

: 4tti--,no w.- te .,onlished on the Producers Service Corporation

'oaoi K'VP film analyzer (PVR) interfaced with a teletype terminal

T'T'Y ii paper tape :unch. Tape to card conversion and elec-

tronic processino and olotting were accomplished on the CDC Cvber

74 System at the Aeronautical Systems Division's Digital Computa-

tion Facilit,' (ASD'AD) in Buildin 676, Area B, Wricht-Patterson

Air Force Base.

2.3.5.1 Editing

The primary camera film was viewed on a light

table and the frames and .01 second timing pulses were counted

throughout the event. The frame exposure rate (frames per second)

was scanned for consistency and the average frame rate was calcu-

lated. Durinq each run t:,recessed the frame rat, s constant,

[ frame per second, durino the ,00 millisec e lowino initia-

t ion. Du ri ng the ur oc ram film soeo(:s Ifn- f -nm 462 to 49,

frames se-o no.

The fti Im w,. mounted on the PVR and was trans-

o rte,:i fc r..;r: utu the ,tne mroife antil the 01 orator obsor','e, that

nh_ ; '' t,) ,n i riront'v trmfnato . The :r • r



3.3.2 DI i tZi n_

Upon coml{ ](2t- c f . . i : : : , ! , ,

tIlI-1 was transort. r~ vrst to r-.,i , :. -

which the strobe flash wais observe(..

i. Seat :c r-'.w'rI fi.auc' ii

2 . Seat atIt r i c i 1

3. Hip tiducia!

4. Knee tiduciai

5. Shoulder fiduc a]

6. Elbow fiduc ia

7 Traceon f 1uC Ii

8. 9TAP mount ficuca

The di.ital .a us "

ceeded by the frame number, were ,unche,i tn :.

format (15, 8F7.0/I5, 8F7.0) . Each of- t . 7 -

four pairs of coordinates.

After the coordinates

were digitized, the coordinates from each .-

digitized in the same sequence until fr a r irt: 150 r

msec)

2.3.5.3 Electronic at a P-( cu-s.--,'

This portion of thi- :ror: ss ,. __ . t.:>-- : -

cedures, data preparation, computation, an. DLi : n'.

Data Preparation: Durina; the data L reI T 1on

procedure, the file recorded on punched paper taoe .n "tn: >7w:

to the computer at ASD/AD from a TTY via voice rua] 7 '. es. Th
file was then edited to correct format ana, >r : . r

and was batcheci to a card ,)unch t,")r cuet ,.

Concurrently, the identifi cation, :.t0 r> I, .,i .. .

card s required b' projram liH FPD were -,nn : ' - .,.:

card i



The identification card contained alphanumeric

in:.)rmation in cards columns (cc) 1 thru 80 which was printed on

cutput tables as table identification. The form used was RSD

SPUDY, SUBJECT--, RUN----, YYMMDD, material. The next to last

.try is the date on which the test was conducted in terms of -Year,

month, and day of month.

The control card contained the test number and

wrogram control switch characters. The format and definition of

switching functions is listed in Paragraph 2.2.10.

The conversion constant card contained the film

speed (frames per second) and conversion constants to be applied

Y o the second, third, and fourth pairs of coordinates on the first

line read from each frame, and the first thru fourth pairs of co-

ordlnates on the second line read from each frame. The format

lur this card was (SF10.0) .

Upon receipt of the card file of PCS coordinate

readings, it was merged with the previously punched :D, control,

and constant cards, and the computer control cards for submission

to ASD/AD for computation. The composition of a typical computer

run deck is illustrated in Figure 14.

Computation: Film frame coordinate positions

Lf the tracked points were converted to 2 dimensional seat coordi-

nate time histories by program HIFPD.

The PCS coordinate readings of the two reference

fiducials from the first film frame were used as the basis for the

location of optical axis relative to the reference points and for

the an(ular relationship between the axes of the PCS and the SCS.

,eadings of these points from each subsequent film frame trans-

! t .d and rotated the PCS coordinate system to coincide with the

orientation of the first frame. This was done to minimize errors

.w t, vibration of the camera during the test event.



second referenJ:t pu at w"s - . •

nates by h c o.is i t,

from the jxtisfi a<is o t . t, t

by diviui -s i-o, coo . :

values or \ i spacu- [ .

f e r ence i l~t w s th : % tr t<, " -_: t . ;

of each ;f tn.u tlark: :- ,;: V .i .

point ,: :, ru><:W. .

calcula t . c, -. - ss :2 it-,-

of the aft seat rreroc-

From thm tiL.;

positions, iilFPD omf:,Uteu ttai I

histories of each point, fittin: n

points during each differentiaticn, a --

acceleration time histories of the §.T-,

and of the shoulder about the hipoint;

quadratic arc to eleven points durine : i -

The resulting time

tables and written on -magnetic tape fc- ' ir .

Plottinc: After e x, :

results of the computation revealed no a-.[!,-.l-

plot request was submitted to ASD,"AD. Th- d,<

magnetic tape by HIFPD were read and pict,.

COMP Plotter.

2.3.6 Results and Accuracy:

The resultb of this effort were deiivor ,i

tories of displacement, velocity and accc.- -

graphic forms.

Anaivs s ot the '.)I-

points resulted --n a ma.LmU. est '

points except the elLow. Ii n': t,'

strated lateral[ :: , 1 1 a i .

2Graf, P.A in , '

Data, AMRL-TR--79-T6, A.\[4'1 , 1)-),
Laboratorv, r h - t {,: . ,.: - .,



extremities extended forward from the seat. These latera uxcur-

Lons of the elbows caused the breadth across the elbows ta ar ro]'::,
but not become less than, the breau i across the shouldcs t

.nxtension of the arms. The mean of the maximum iatera. <.cr-

,ion af the elbows was 1.96 inches from a mean jatera i-: ac_'ero

'0.84 inches from the plane of s,.mmetr%, to 8.88 inches. I.he

estim-,ated error in solutions to elbow coorCinates at maxi-.-, e::-

tension of the arms was 0.23 inches.

From a study conducted by H. T. >%ohlman of the 'DP., the

fects of smoothino the raw solutions and the first and second

derivatives may be summarized as follows:

(1) Attenuation of peak values of displacement, oe~ccit:

and acceleration is a function of frecuencv.

(2) The eleven point cuadratic fit yields closer correla-

tion than either seven, nine, thirteen, cr fifteen

point quadratic fits.

(3) The attenuation of any specific displacement, velocity,

or acceleration peak would be reasonably predictable

if the frequency of the peak could be properly inter-

preted. A technique used to evaluate the frequency

response characteristics of the smoothing filter is

described in a later section (pace 115) and is de-

tailed in the above reference report.

4; .-scillations in velocity and acceleration curves are

:xredominatly artifacts induced in the smoothino fit.

:he :-tforenced work included investication of saflin

theor- an aplication of the quadratic fits to dinitized Photo-

metric data acqurired during BPRD tests 172 and 173.

The accuracy of the dicitizinc was checked usinc the

standard deviation about the mean for the solution of the rear

seat reference roint witn respect to the forward reference ca' int.

The standard deviations were:

7 8



~tci >1< ~ ~ c ~r~oe,0.0,044 feet,

-- i consider-

;Lrwiused to estimate

.- IO c L ::'ccisplace-rvent solutions of the
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wntau-tycof i ni>rv to livinc b-einns who micht be sub-

ar ur) ~rnm n t s An investiioction of the reliability

r'acntc i;-ury -protect Len abs essm',ents was recuired to
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The Impact Protection Branch of the Aerospace Medical Re-

search Laboratory (AMRL/BBP) conducted a test program to compare

the responses of live anesthetized baboons with those of baboon

cadavers. The intent was to match live animals with cadavers of

similar anthropometry in pairs for comparative analysis. The data

presented herein were derived from cinematographic recordings of

the body segment responses of the subjects during -50 G simula-
x

tions conducted on the AMRL/BBP Horizontal Impulse Accelerator

Facility during December 1977 and the AMRL/BBP Hydraulic Decelerator

Facility during May 1978. These facilities are both located at

AMRL/BBP, Wright-Patterson Air Force Base, Ohio.

Eighteen tests were conducted on the Horizcntal Imrulse

Accelerator Facility. Six tests were conducted using a scaled

three-point harness, three (1444 thru 1447) involved live anes-

thetized subjects, and three (1449 thru 1451) involved cadavers.

A camera malfunction during test 1446 resulted in loss of photo

data from that test.

Six live anesthetized subjects (tests 1453, 1454, 1456,

1457, 1459 and 1460) and six cadavers (tests 1462, 1463, 1464,

1466, 1467, and 1468) were exposed to the impact environment

while restrained with a military type harness. Photometric data

from these twelve tests was good and was reduced.

During the -50 G simulations conducted on the Hydraulicx
Decelerator Facility in May -979, six live anesthetized subjects

(tests 103, 104, 105, 106, 108, and 109) and six cadavers (tests

110, 111, 113, 114, 115, and 116) were exposed while restrained

with a military type harness. Because of a camera malfunction

during test 110, photometric descriptions of the responses of

only five cadavers were available for comparison.

2.4.1 Requirements

Primary requirements of the photometric data analysis

effort were to derive, from cinematographic recordings, time

histories of coordinate positions, velocities, and acceierations

81
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positive to the right of the seat along the horizontal line, and

the z-axis was positive upward along the zenith line.

The Photosonics model lB cameras, with 8mm lenses, were

mounted onboard the sled. The primary data camera was mounted

with its focal point at coordinates (11.84, 53.12, 3.88) inches.

Its optical axis was normal to the plane of symmetry of the seat.

The front view camera was mounted with its focal point at coordi-

nates (63.65, 0.75, 4.0) inches. Its optical axis was parallel

to the x axis.

Seat reference fiducials were applied to the RH side of

the seat frame structure at coordinates (2.28, 5.88, -3.7) inches

and (10.70, 5.88, -4.29) inches.

2.4.3 Photogrammetric Calibration

Review of films of the first tests demonstrated severe

"barrel" distortion of the image (magnification decreased as dis-

tance from the optical axis increased). A grid board, made of

flat black plywood with a 1-inch by 1-inch grid of white threads,

was held with its face in the plane y=0 and was photographed on

the primary data camera. The grid board was then held with its

face in the plane x=.5 inch and was photographed on the front view

camera.

The film image recorded on the primary data camera (side

view) was mounted on the Producers Service Corporation model PVR

film analyzer. The grid system was rotated until the horizontal

grid line closest to the x-axis and the vertical grid line closest

to the y-axis were parallel to the respective axis.

The intersections of the vertical grid line images and

the x-axis were digitized from the line which coincided with the

y-axis to the grid line 32 inches forward from it. This was re-

plicated twice and the three sets of readings were averaced. '.'he

average readings were plotted versus grid board displacement

(Figure 18). Since program HIFPD was used to process the data,
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it was incumbent that the readin,,s be:mol zf - ,,,u-i L f

relationship between observed point distance frm. the ;ntci._ ...

and corrected image disnance from the optical axis.

As is the case with most fine wi{le angle lene, t:e

linear displacement of an image point from the optical axis ar<:1-

mated a direct relationship to anqular displacement from the e'ti-

cal axis to the line from the focal point to the observed point.

From readings of grid lines in the relatively undistorte.

central portion of the image frame (cos .99) ad the ficuca i

on the seat frame structure, the apparent distance from tht, §-cal

point to the grid was calculated to be 60.63 inches by 7he metho.-

illustrated in Figure 4. Using an arc of radius 60.63 inches

each reading was modified by dividing by the cosine of the angle

between the optical axis and the ray from the observed point. I
conversion factor was calculated in terms of counts read per inch:

grid displacement for each point. The best straight line fit to

the resulting conversion factors was calculated to be 136.1 counts

per inch (1633.2 counts per foot). The coefficient of determina-

tion (r 2 ) and correlation coefficient (r) each exceeded .9999.

Application of this conversion constant to the modified readincis

resulted in solutions within + .10 inch. These results are tabu-

lated in Table 12 and plotted in Figure 16. Thc mean of the errors

was .0296 inch and the standard deviation was .0345 inch.

2.4.4 Data Acquisition

Prior to the start of the test proaram rance survey iata,

presented in the Photometric Range section, were measured and re-

corded.

During preparation for each .ata run, ' i

marked on the anthropometric v:oints t- h, t: i,-.

were applied with a i k f,2 r - -

tiductals had heen e ',n: tI f- r;, , . '
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The anthropometric sitting height of the subject was

measured while the subject was lying on its side. The measure-

ment was taken from the lower base of the tail to the level of

the brow ridge.

After the subject was positioned and the harness preten-

sioned, the lengths of the body segments and breadths at the

shoulder, elbow, and knee fiducials were measured and recorded.

The sitting height was again measured from the seat pan to the

brow ridge along a line parallel to the seat back. These data

along with subject and run signature data were recorded on a

pretest measurements form. The data are defined in Table 13 and

are presented in Tables 14 thru 16.

Cinematographic recordings of the subject were made on the

cameras described in the Photometric Range section. The data

cameras were operated at a nominal speed of five hundred (500)

frames per second from time t= -2.0 to t= +2.0 seconds. Timing

on the films was accomplished by a pulsed light emittinq diode

(LED) driven at 100 pulses per second. Synchronization was accom-

plished by a strobe flash triggered by a t=O pulse simultaneously

recorded on the electronic data acquisition system.

2.4.5 Data Reduction Process

The data reduction process consisted of data editing,

digitizing, and electronic data processing. Film editing and

digitizing were accomplished on the Producers Service Corporation

model PVR film analyzer (PVR) interfaced with a teletype terminal

(TTY) with paper tape punch. Tape-to-card conversion and elec-

tronic processing and plotting were accomplished on the CDC Cyber

74 system at the Aeronautical Systems Division's Dicital Computa-

tior Facility (ASD/AD) ir Building 676, Area B, Wriciht-Patterson

A 7 re Pas' , Ohio.



TABLE i 3

PRETEST MEASUREMENTS

Data Item Definition

I Test Run Number.

2 Date of Test Run.

3 Subject Identification.

4 Weight of Subject (ibs).

5 Sitting Height (cm) measured from seat pan surface
to brow ridge, parallel with seat back plane.

6 Distance (cm) in x-z plane between tip of snout and
center of head accelerometer pack mounting
screw.

7 Distance (cm) in x-z plane between center of head
accelerometer pack mounting screw and jaw hinge
point.

8 Distance (cm) in x-z plane between jaw hinge point
and shoulder point.

9 Distance (cm) between the shoulder point and the
hip point.

10 Distance (cm) between the shoulder point and elbow
point.

11 Distance (cm) between hip point and knee point.

12, 13 Anthropometric sitting height (12 cm; 13 in).
Measured from lower base of tail to brow ridge
while subject lying on side.

14 Breadth (cm) across shoulder points.

15 Breadth (cm) across elbow points.

16 Breadth (cm) across knees.
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TABLE 76A

:P, /'RF-TEST >EASLRE:.4ENTS L.IVE SUBJECTS MIL HARIESS, :ECSLEg:TR

103 104 105 106 i8 139
'370503 78C503 780503 790 50D2 790504 70 0

3 ?63 F"8 F76 F86 F66 F(4

4 30 0 i .1 51.5 47 . -1 $ 7.s r 0.L

5 '6 4 70.5 68.7 66 .6 69.9 66.6

6 3.9 7.4 7.8 7.4 7.7 '0

9.7 1 .- !0.9 a.3 10.7 9.7

3 16.5 14.1 14.8 1'.2 1 .4 5.2

? 39 .1 40.3 40.0 37 .9 39.4

IC~22 4 23.2 24.1 23.1 20.6 23 3

27.9 26.9 26.3 22.0 21.5 5 6

21.1 67.9 68.6 64.8 67.3 -0 2

23 28 .0 26.75 27.0 25 .5 26.5 27 "5

'4 22.4 20.2 21.2 19.2 21.4 22.1

13 22.9 -3.1 28.0 26.1 27.2 29..

16 20.5 9.0 21.3 25.7 26.1 .1

-ABLE 16B

:PC ?RETEST MEASUREMENTS CADAVER 'UBJECTS MIL HARNESS, OECELERATCR

1..0 11i 113 114 -15 l1

2 780504 780504 780505 790505 79050$ "30505

3 F82 F34 FS0 F-2 7 >4

4 45.75 53.5 51.2$ 48.0 46.3 56.0

64 .0 73 67.0 '1 <'.4

9.0 3.0 3.- 6.5 9.". Q.9

3 2.. 1.E7 .. 0 2.7.3 -.

S 39. 94 4 . 9 5 42 .

10 21 6 " 6 . 28 .0 20.3 23.0

11 24.0 26.5 20.6 23.2 26.0 $ .

12 64.8 67.3 63.5 70.5 69.8 19.2

13 25.5 26.5 25 .0 27.-5 27.5 - . -

14 21.0 i9.3 20.6 .1.3 21. 21.8

25 24 .6 30.3 32 .7 24. 27 . .
9 3. 19 . -
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2.4.5.1 Editing

The seat side view camera film was viewed on

a light table and the frames and 0.01 second timing pulses were

counted throughout the event. The frame exposure rate (frames

per second) was scanned for consistency and the average frame rate

was calculated. During the test program the film speed ranged

between 485 and 515 frames per second. During each test run the

film speed was constant +1 frame per second, during the 200 milli-

seconds following initiation.

2.4.5.2 Digitizing

The film was mounted on the PVR and was trans-

ported forward in the cine mode to frame zero, the first frame in

which the strobe flash was observed. The scales on the PVR were

translated and rotated until the coordinates of the seat forward

and aft fiducials were read to be within +20 counts of (-150,

-1370) and (-1310, -1300) respectively. The projected image

coordinates were then digitized in the following sequence.

1. Seat forward fiducial

2. Seat aft fiducial

3. Hip fiducial

4. Knee fiducial

5. Shoulder fiducial

6. Elbow fiducial

7. Head accelerometer pack

8. Tip of snout

The digital values of these coordinates, pre-

ceeded by the frame number, were punched into paper tape in the

format (15, 8F7.0/I5, 8F7.0). Each of the 8F7.0 fields contained

four pairs of coordinates.

After the coordinates projected from frame zero

were digitized, the coordinates from each succeeding frame were

digitized in the same sequence until the frame in which either of

the head point images was obscured by the arm image.
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2.4.5.3 Electronic Data Processing

This portion of the process required three

procedures, data preparatLon, computation, and plottin~j.

Data Preparation: During the data pr:paratio;i

procedure, the file recorded on punched paper tape was communi-

cated to the computer at ASD/AD from a TTY via voice quality

I ies. The tile was then edited to correct format and/or charac-

ter errors. Program CHIFPD was then attached to modify the

readinqs to compensate for distortion. CHIFPD (Appendix D) cal-

culate, the resuitdrnt distdncu from the origin of each pair ')f

PCS coordinates read in by

r =
X

The angle (y) between the ray from the point

and the optical axis was then calculated by

r

where K was input as 138.7 counts/degree.

The modified abscissa (x c ) was determined by

x
c cos'

and the modified ordinate (y) was calculated by

Y =_
c cosy

The output was batched to a printer and a

card punch for creation of the permanent file. Concurrertly, the

identification, control, and conversion constant cards required

by program HIFPD were punched for merger with the card file.
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The identification card contained ulphanumeric

information in card columns (cc) 1 through 80 which was printed

on output tables as table identification. The form used was IPC

TEST --- , IMPULSE ACCELERATOR (DECELERATOR).

The control card contained the test number and

program control switch characters. The format and definition of

switching functions is listed under "Description of Program HIFPD

Input Data and Parameter Codes."

The conversion constant card contained the

film speed (frames per second) and conversion constants to be

applied to the second, third and fourth pairs of coordinates on

the first line read from each frame, and the first through fourth

pairs of coordinates on the second line read from each frame.

The format for this card was (8F10.0).

Upon receipt of the card file of modified PCS

coordinate readings, it was merged with the previously punched

ID, control and constant cards, and the computer control cards

for submission, to ASD/AD for computation. The composition of a

typical computer runs deck is illustrated in Figure 14.

Computation: Film frame coordinate positions

of the tracked points were converted to two-dimensional seat co-

ordinate time histories by program HIFPD.

The PCS coordinate readings of the two reference

fiducials from the first film frame are used as the basis for the

location of optical axis relative to the reference points and for

the angular relationship between the axes of the PSC and the SCS.

Readings of these points from each subsequent film frame trans-

lated and rotated the PCS coordinate system to coincide with the

orientation of the first frame. This was done to minimize errors

due to vibration of the camera during the test event and to com-

pensate for frame to frame variations caused by the rotating prism.
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The displacement from the optical axis of the

second reference point was calculated by dividing the PCS coordi-

nates by the conversion constant contained in columns 11 through

20 in the conversion constant card. In turn the displacement from

the optical axis of each of the tracked points was calculated by

dividing its PCS coordinates by its conversion constant. The

values of x and z displacements from the optical axis of each

point were then subtracted from the x and z coordinates of the

reference point yielding x and z coordinates of each point relative

to the reference point. Thus the origin of the calculated coordi-

nate system had been translated to the location of the aft seat

reference fiducial.

From the time histories of seat coordinate

positions, HIFPD computed total velocity and acceleration time

histories of each point, fitting a moving quadratic arc to eleven

points during each differentiation, and the angular velocity and

acceleration time histories of the head accelerometer about the

snout, and of the shoulder about the hip point, again fitting a

mov.Lng quadratic arc to eleven points during each differentiation.

The resulting time histories were printed in

tables and written on magnetic tape for plotting.

Plotting: After examination of the tabulated

results of the computation revealed no apparent gross errors, a

plot request was submitted to ASD/AD. The data written on the

magnetic tape by HIFPD were read and plotted offline on the CAL-

COMP Plotter.

2.4.6 Results and Accuracy

The results of this effort were presented in tabular and

graphic forms.

In the data report deficiencies in the derivations of

velocity and acceleration time histories were cited. These

deficiencies and a brief description of the analyses upon which

they were based were presented in Paragraph 2.3.6.
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The accuracy of the digitizing was indicated by the
standard deviation about the mean for the solution of the rear
seat reference point with respect to the forward reference point.

The standard deviations were:

x-Axis z-Axis
Run (feet) (feet)

1444 .0035 .0002

1447 .0035 .0002

1450 .0017 .0001

1451 .0108 .0005

1453 .0021 .0001

1456 .0036 .0002

1462 .0027 .0001

1466 .0019 .0001

105 .0036 .0002

109 .0053 .0002

il .0046 .0002

115 .0030 .0001

The effect of smoothing the displacement solutions of the
tracked points are indicated in Table 17, which presents the stan-
dard deviations of the difference between unsmoothed and smoothed

components of the displacements taken from a representative sample

of the tests.

2.5 UPPER TORSO RETRACTION

The survivability of emergency escape from aircraft has

historically been a primary concern of the United States Air Force.

Over the years, as aircraft performance has been improved, the

risk of injury, either fatal or disabling, has tended to increase.

Research efforts leading to the development of devices and systems

to provide improved injury protection and reduction of risk, and

evaluation of the products of these efforts, have continuously been

conducted and/or sponsored by the Air Force.
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TABLE 17A

-rANDARD DEVrAT:ON OF DIFFERENCE BETWEEN ])NSMOOTHED AND SMOOTHED DISPLACEMENT
DATA IN FEET THREE POINT RESTRAINT, LIVE SUBJECTS

TEST 1444 TEST 1447

x-axis z-axis x-axis z-axis

Hip .0032 .0017 .0063 .0049

Knee .0025 .0032 .0085 .0061

Shioulder .0037 .0031 .0137 .0129

Elbow .0021 .0099 .0072 .0112

Head Point 1 .0135 .0086 .01!0 .0075

Head Point 2 .0081 .0064 .0132 .0166

TABLE 17B

.VTAN.DARD) DEVIATION OF DIFFERENCE BETWEEN UNSMOOTHED AND SMOOTHED DISPLACEMENT

DATA IN FEET THREE POINT RESTRAINT, CADAVER SUBJECTS

TEST 1450 TEST 1451

x-axis z-axiS x-axis z-axis

Hip .0018 .0017 .0105 .0041

Knee .0033 .0028 .0104 .0069

Shoulder .0095 .0096 .0169 .0103

Elbow .0083 .C042 .0147 .0112

Head Point 1 .0092 .0101 .0223 .0109

Head Point 2 .0163 .0107 .0252 .0137
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TABLE 17C

STANDARD DEVIATION OF DIFFERENCE BETWEEN UNSMOOTHED AND SMOOTHED DISPLACEMENT
DATA IN FEET MILITARY RESTRAINT, LIVE SUBJECTS

TEST 1453 TEST 1456

X-axis z-axis x-axis z-axis

Hip .0023 .0024 .0031 .0034

Knee .0056 .0050 .0038 .0039

Shoulder .0140 .0049 .0104 .0052

Elbow .0100 .0052 .0034 .0033

Head Point 1 .0083 .0062 .0101 .0089

Head Point 2 .0139 .0081 .0153 .0195

TABLE 17D

STANDARD DEVIATION OF DIFFERENCE BETWEEN UNSMOOTHED AND SMOOTHED DISPLACEMENT
IN FEET MILITARY RESTRAINT, CADAVER SUBJECTS

TEST 1462 TEST 1466

x-axis z-axis X-axis z-axis

Hip .0027 .0021 .0029 .0028

Knee .0034 .0022 .0032 .0040

Shoulder .0063 .0026 .0153 .0084

Elbow .0039 .0033 .0067 .0069

Head Point 1 .0081 .0032 .0099 .0066

Head Point 2 .0078 .0024 .0093 .0048
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In an ejection environment, emphasis must be placed on

the method of positioning and restraining the torso, head, and

extremities of the crewman in his seat. Ideally the crewman

would be restrained in such a manner that during an ejection event,

he would demonstrate no motion relative to the seat. A crewman,

however, also requires freedom of movement to perform his tasks.

The obvious solution was the development of a restraint system

which would provide the required freedom of movement but which in

an emergency situation would rapidly retract the crewman into

position and restrain him with force sufficient to protect him

from responding adversely to the acceleration of the seat and the

force of windblast.

The work described herein was accomplished to demonstrate

a photo analysis method proposed for use to describe the response

motion of body segments of human subjects exposed to the upper

torso retraction environment. Laboratory simulations were coi-

ducted by the Biomechanical Protection Branch of the AF Aero-

space Medical Research Laboratory (AMRL/BBP) during the period

January - May 1978. The tests were conducted on the Body Position-

ing Restraint Device (BPRD) located in Building 824, Wright-

Patterson Air Force Base, Ohio.

2.5.1 Requirements

Primary objectives of the photometric effort wele:

(1) To describe position-time histories of anthropometric

points defining the body segments relative to the

test device seat, and to derive velocity and ac-elera-

tion time histories of these points.

(2) To derive time histories of angular velocity and

angular acceleration of the head about its y axis.

(3) To derive time histories of angular velocity and

angular acceleration of the helmet about its y axis.
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(4) To describe the position-time history of the retrac-

tion piston and to derive time histories of its

velocity and acceleration.

Secondary objectives of this effort were:

(1) To record motion of the shoulder harness relative

to the subject's sternum for the pLrpose of assess-

ing slippage of the harness relative to the chest

and shoulders.

(2) To record the test event from a number of viewpoints

sufficient to demonstrate restraint system and sub-

ject performance.

The body segment motions specified for description were

the upper arm, the upper leg, the torso and the head. The points

selected to define these segments were:

upper arm: The lateral-most projection of the acromion

process of the scapula and the lateral most

point on the lateral humeral condyle.

upper leg: The lateral-most point on the greater femoral

trochanter and the lateral most point on the

lateral femoral condyle.

torso The lateral-most point on the greater femoral

trochanter and the spinous process of the

seventh cervical vertebra (C-7), which overlies

the first thoracic vertebra (T-l) when the head

is erect.

head : The point located on the sagittal plane of the

nose at the level of the pupils (which is the

rhinion).

It was the concensus that in addition to the above, the

lower leg and lower arm should also be defined although definition

of these segments was not a current requirement. The former was

defined by the lateral projection of the lateral malleolus of the
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fibula, and the latter was defined by the lateral-most point on the

lateral humeral condvle and the stylion.

Selection of all the above points was influenced b,, two

pri> :ry concerns:

(1) The requirement that thevoinrs could repeatedyi" bt2

located.

(2) The requirement that the points, or fixtures iden-

tifying the points, be observable throuc:hout the

test event.

All of the points described above are widely. accepted as

recommended points for defininc body seaments with the exception

of the points on the head. The points n the head were selected

because the helmet, toiether with the cupped chin strap, left only

the forward facial area exposed:. The ;noints on the nose were

considered to be the only practical points on the head which would

satisfy the above requirements.

2.5.2 Photometric Range

The photometric range as illustrated in Fioure 19, was a

three dimensional, perpendicular coordinate system, the origin of

which was at the intercept of the seatback plane, the seatpan

plane, and the plane of symmetry of the seat. The z axis was

positive upward along the centerline of the seatback, the x axis

was pcsitive forward along the line normal tc the se'tback plane,

and y was positive to the riaht of the seat.

Reference fiducials were affixed to the sect structure,

ten on the RH side panel and nine on forward facing surfaces.

Three additional fiducia'3 20, 21, 22) were applied to the Out-

board surface of the Ri! side of the test facility frame structure

forward of the seat. The points are identified in Fioure 1 1
-4 and

their coordinate positions -re presented .n Tabl i.



II

7 °r
16

0

0 6,

Fi'4ure 1'. BPRD Seat Coordinate SvNstem and
Reference Fiducial Locations.
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TABLE 18

BPRD REFERENCE FIDUCIAL COORDINATES

Point x(inches) y(inches) z(inches)

1 -2.05 10.5 34.57

2 -2.05 10.5 28.5

3 -2.05 10.5 10.55

4 -2.05 10.5 4.57

5 4.88 10.5 1.1

6 10.75 10.5 .43

7 15.87 10.5 - .25

8 4.41 10.5 - .83

9 10.35 10.5 - 1.26

10 15.55 10.5 - 1.69

11 0.0 7.68 40.28

12 0.0 0.0 40.30

13 0.0 - 7.83 40.31

14 0.0 9.83 22.64

15 0.0 9.83 22.64

16 0.0 - 9.83 12.6

17 0.0 - 9.83 12.6

18 22.89 9.83 - 3.16

19 22.88 - 9.83 - 3.24

20 32.45 -18.25 5.83

21 38.68 -18.25 2.08

22 31.24 -18.25 -12.27
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.Three Milliken 16mm motion picture cameras were mounted,

two to the RH side of the test facility frame and the third for-

ward of th frame. The locations of these cameras are illustrated

in Figure 20 and the coordinates of their focal points and camera

body orientations are listed in Table 19.

2.5.3 Photogrammetric Calibration

'in the discussion of the approach to the phctometric sys-

tem two assumptions were made: that the focal lengths of the re-

cording and projection lenses introduced no distortion, and that

the focal lengths were precisely stated. The validity of these

assumptions must be questioned.

A flat-black board, 24 inches x 48 inches, containing a

1 inch x 1 inch grid pattern of white thread was photographed by

each camera as follows:

Camera View Board Location and Orientation

A 1 Surface in plane, y=0, longer edge on z axis,
shorter edge on x axis.

A 2 Surface in plane, y= -6.97 inches, longer
edge against plane x=0, shorter edge in
plane z=O.

B 1 Surface in plane y=O, lower edge parallel
with deck, 3/8 inch above deck. Longer edge
against forward edge of seat pan.

C 1 Surface perpendicular to deck 1/2 inch for-
ward of forward most points on armrests.
Lower edge on deck.

These views of gridboard are on the film reel immediately after

the views of test run 271.

From these films a slight "barrel distortion" was ob-

served on all views. No corrections were made since the distor-

tion was considered to be inconsequential in the area of the frame

being evaluated.
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E

F'igure 20. Cam'era Locations in BPIZD Seat Cuw)i7d2nate
Sy7stem.
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TABLE 19

BPRD COORDINATES OF CAMERA FOCAL POINTS
AND CAMERA BODY ORIENTATIONS

Camera FOCAL DOINT COORDINATES AZIMUTH ELEVATION ROLL

Station x(inches) y(inches) z(inches) (radians) (radians) (radians)

A 0.0 66.61 19.21 4.712 .006 .002

B 28.0 37.49 -6.72 4.712 - .002 .236

C 68.98 0.84 8.36 3.142 .299 .001
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From the gjridboard views recorded on the camera at Station

A, readings were taken from the PCS z axis intercepts of five pairs

of horizontal gridlines, the lines of each pair being twelve inches

apart. This same procedure was applied to the PCS x axis inter-

cepts of five pairs of vertical gridlines. An average of the

displacements of the PCS readings was taken for each of the grid-

board locations. The resulting conversion factors were 1377.75

counts per foot at SCS y=O and 1548 counts per foot at SCS

y= -6.969 inches.

Referring to Figure 4 the following values were assigned:

r= ro2  12 inches

r = 1377.75 counts
p

r = 1548 countsp2

So-So2 = 6.97 inches.

The distance from the axis at which the ray from p0 to the focal

point penetrated the Object 2 Plane was calculated to be:

r r
r o2 r p2

r
r r ro2 p_

rp2

r = 12 inches (1377.75 counts
1548 counts

r = 10.68 inches.

The apparent distance from the focal point to the plane y=O was

calculated to be:

s r0 0
s -So2 ro2 r

r
so =(s So2 ro2 -r
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= 612 inches
s0 6.97 nches 1.32 inches )

s = 63.36 inches.

Calculation of a conversion constant, f , for any plane, V=n, was

then accomplished 
using:

sf 0 0 x 1377.75 counts per foot
n s - y

where y was either one half the measured breadth of the sub3ect

between anthropometric points on the right and left side or the

measured y displacement of fiducials on the test facility.

2.5.4 Data Reduction Process

The data reduction process consisted of data editing,

digitizing, and electronic data processing. Film editing and

digitizing were accomplished on the Producers Service Corporation

model PVR film analyzer (PVR) interfaced with a teletype terminal

(TTY) with paper tape punch. Tape to card conversion and elec-

tronic processing and plotting were accomplished on the CDC Cyber

74 System at the Aeronautical Systems Division's Ligi tal Computa-

tion Facility (ASD/AD) in Building 676, Area B, Wright-Patterson

Air Force Base.

2.5.4.1 Editing

The seat side view camera film was viewed on a

light table and the frames and .01 second timing pulses were

counted throughout the event. The frame exposure rate (frames per

second) was scanned for consistency and the average frame rate

was calculated. During the runs processed the frame rate was

500 + 1 frames per second during the 300 milliseconds followino

initiation.
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The film was mounted on the PVR and was trans-

ported forward in the cine mode until the operator observed that

the subject motion had apparently terminated. The number of the

frame was noted as termination time.

2.5.4.2 Digitizing

Upon completion of the editing procedure, the

film was transported reverse to frame zero, the first frame in

which the strobe flash was observed. The scales on the PVR were

translated and rotated until the coordinates of fiducials 10 and

8 were read to be within +20 counts of (2145, -2860) and (640,

-2765) respectively. The projected image coordinates were then

digitized in the following sequence.

1. Arm rest forward fiducial (10)

2. Arm rest aft fiducial (8)

3. Mid thigh fiducial

4. Knee fiducial

5. Shoulder fiducial

6. Elbow fiducial

7. Upper nose fiducial

8. Lower nose fiducial

9. Retraction piston fiducial

10. T-1 vertebra fiducial

11. Upper helmet fiducial

12. Lower helmet fiducial

The digital values of these coordinates, pre-

ceeded by the frame number, were punched into paper tape in the

format (15, 8F7.0/15, 8F7.0/15, 8F7.0). Each of the 8F7.0 fields

contained four pairs of coordinates.

After the coordinates projected from frame

zero were digitized, the coordinates from each succeedinu frame

were digitized in the same sequence until the fifteenth frame

following the frame noted as termination time. The last fifteen

frames were digitized to prevent timewise truncation of velocity
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and acceleration curves due to smoothing of the data during elec-

tronic data processing.

2.5.4.3 Electronic Data Processing

This portion of the process required three pro-

cedures, data preparation, computation, and plotting.

Data Preparation: During the data preparation

procedure, the file recorded on punched paper tape was communicated

to the computer at ASD/AD from a TTY 35 via voice quality lines.

The file was then edited to correct format and/or character errors,

and was batched to a card punch for creation of the permanent file.

Concurrently, the identification, control, and conversion constant

cards required by program HIFPD were punched for merger with the

card file.

The identification card contained alphanumeric

information in card columns (cc) 1 thru 80 which was printed on

output tables as table identification. The form used was RAPID

RESTRAINT TEST , SUBJECT , YYMMDD. The last entry is the

date on which the test was conducted in terms of year, month, and

day of month.

The control card contained the test number and

program control switch characters. The format and definition of

switching functions is listed under "Description of Program HIFPD

Input Data and Parameter Codes."

The conversion constant card contained the film

speed (frames per second) and conversion constants to be applied

to the second, third, and fourth pairs of coordinates on the first

line read from each frame, and the first thru fourth pairs of

coordinates on the second line read from each frame. The format

for this card was (8FI0.0).
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Upon receipt of the card file of PCS coordinate

readings, it was merged with the previously punched ID, control,

and constant cards, and the computer control cards for submission

to ASD/AD for computation. The composition of a typical computer

run deck is illustrated in Figure 14.

Computation: Film frame coordinate positions

of the tracked points were converted to two-dimensional seat co-

ordinate time histories by program HIFPD, which is described

fully in Section 2.2. Two versions of the program were filed.

The first read the digitized values from the first and second

lines from each frame and wrote the appropriate heading and

labels on tables and plots. The second version read the digi-

tized values in the first and third lines from each frame and

wrote the appropriate headings and labels on tables and plots.

This variation required two passes through the computer.

Although program HIFPD is documented herein a brief dis-

cussion of the application is warranted.

The PCS coordinate readings of the two refer-

ence fiducials from the first film frame are used as the basis

for the location of optical axis relative to the reference points

and for the angular relationship between the axes of the PCS and

the SCS. Readings of these points from each subsequent film

frame translated and rotated the PCS, coordinate system to coin-

cide with the orientation of the first frame. This was done to

minimize errors due to vibration of the camera during the test

event.

The displacement from the optical axis of the

second reference point was calculated by dividing the PCS coordi-

nates by the conversion constant contained in columns 11 thru 20

in the conversion constant card. In turn the displacement from

the optical axis of each of the tracked points was calculated by

dividing its PCS coordinates by its conversion constant. The
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values of x and z displacements from the optical axis of each

point were then subtracted from the x and z displacements of the

reference point yielding x and z coordinates of each point rela-

tive to the reference point. Thus the origin of the calculated

coordinate system had been translated to the location of reference

fiducial 8.

From the time histories of seat coordinate posi-

tions, HIFPD computed total velcoity and acceleration time histories

of each point, fitting a moving quadratic arc to eleven points

during each differentiation, and the angular velocity and accelera-

tion time histories of the upper nose point about the lower, and

of the shoulder about the mid thigh point; again fitting a moving

quadratic arc to eleven points during each differentiation.

The resulting time histories were printed in

tables and written on magnetic tape for plotting.

Plotting: After examination of the tabular

results of the computation revealed no apparent gross errors, a

plot request was submitted to ASD/AD. The data written on the

magnetic tape by HIFPD were read and plotted offline on the CAL-

COMP Plotter.

2.5.5 Results and Accuracy

The results of this effort were presented in tabular and

raphic forms. The accuracy with which these results represent

the actual motions of the observed points is the subject of debate.

The following deficiencies may be inferred from a study conducted

by H. T. Mohlman of the UDRI.1

(1) Attenuation of peak values of displacement, velocity

and acceleration is a function of frequency.

(2) The eleven point quadratic fit yields closer corre-

lation than either seven, nine, thirteen, or fifteen

point quadratic fits.

lGraf, P.A. and ii.T. Mohlman, Accuracy of Diaitized Photometric
Data, AMRL-TR-79-76, April, 1980, Aerospace Medical Research
Laboratory, Wri-ht-Patterscn Air Force Base, Ohio.
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(1) The attenuation of any specific displacement, vio-

city, or acceleration peak is reasonably predictable

if the apparent frequency of the peak is pro;)erlI

interpreted.

(4) Oscillations in velocity and acceleration curves are

predominantly artifacts induced by reading errors.

The frequency is a function of the sampling rate and

the number of points included in the smoothinc fit.

The referenced work included investigation of samplinoi

theory and application of the quadratic fits to digitized photo-

metric data acquired during BPRD tests 172 and 173.

Frequency response curves presented in Figure 21 were

derived from fitting eleven points of sinusoidal motion at fre-

quencies from 2 Hz to 35 Hz at a sampling rate of 500 samples/

second. The data from which these curves were constructed are

presented in Table 20 and are described in detail in the referenced

report.

The accuracy of the digitizing was indicated by the

standard deviation about the mean for the solution of the forward

seat reference point with respect to the rear reference point. The

standard deviations were:

x-Axis z-Axis
Run (feet) (feet)

172 .0073 .00049

173 .0030 .00017

The effect of smoothing the displacement solutions ol the

tracked points are indicated in Table 21, which presents the

standard deviations of difference between unsmeothed -.nd s2 ,tht:

components of the displacements.
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TABLE 20

DISTORTION FACTOR (FK) COMPUTED FROM
MULTIPLE FREQUENCY SINE FUNCTIONS

(Hz) * f Distorticn Factor (FK)o f
f S F DISPL VEL ACCEL

.04 .9974 1.0000 .9981 .9963

4 .08 .9895 1.0000 .9925 .9851

6 .12 .9765 .9999 .9831 .9667

8 .16 .9584 .9997 .9700 .9413

10 .20 .9355 .9993 .9532 .9093

12 .24 .9079 .9985 .9327 .8713

14 .28 .8759 .9972 .906 .8278

16 .32 .8399 .9953 .8809 .7796

18 .36 .8000 .9926 .8498 .7275

20 .40 .7568 .9888 .8154 .6724

22 .44 .7106 .9838 .7779 .6151

24 .48 .6618 .9975 .7376 .5567

26 .52 .6109 .9695 .6949 .4981

28 .56 .5583 .9597 .6500 .4403

30 .60 .5046 .9479 .6034 .3841

32 .64 .4500 .9340 .5556 .3305

34 .68 .3952 .9177 .5070 .2801

35 .70 .3679 .9086 .4826 .2563

*f applies only to an 11-point fit of data sampled at 500 samples per
second; use r to determine FK for other fits and/or sample rates.

117



TABLE 21

STANDARD DEVIATION OF DIFFERENCE BETWEEN UNSMOOTHED AND

SMOOTHED DISPLACEMENT DATA IN FEET

TEST 172 TEST 173

x-axis z-axis x-axis z-axis

Hip .0028 .0028 .0027 .0030

Knee .0028 .0039 .0034 .0041

Shoulder .0077 .0041 .0080 .0046

Elbow .0039 .0091 .0048 .0039

Head Point 1 .0085 .0058 .0090 .0060

Head Point 2 .0121 .0083 .0128 .0085

Piston .0046 .0077 .0062 .0072

Tl .0089 .0045 .0093 .0038

Helmet 1 .0090 .0037 .0099 .0038

Helmet 2 .0082 .0035 .0086 .0038
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SECTION 3

ANALYSIS OF NONPLANAR MOTION

Exposure to impact environments havinc sianificant lateral

components of acceleration usually result in three dimensional
responses.

A method was developed by the UDRI to solve for the ingtan-

taneous coordinates of points relative to a seat coordinate system

(SCS). The method, documented in AMRL-TR-78-94, employs program

POOCH to calculate the apparent coordinates of the focal point

of each camera and the orientation of its optical axis and the

film frame axes in the SCS. The results output by POOCH are in-

put to program SLED to calibrate the digitized readings of observed

points. SLED solves for the most likely point of intercept of the

rays from each observed point to each focal point and calculates

the distance between the rays at each solution point.

This method was applied to photodata collected during the

DOT 6 Year Old Child comparison and the Whole Body Restraint-

Lateral study. The latter also required the derivation of velo-

city and acceleration time histories from the displacement-time

data. Program WBRL was developed to smooth the component dis-

placement-time histories and to derive smoothed component and

resultant velocity and acceleration time histories. Program WBR-L,

with explanatory comments, is listed in Appendix B.

3.1 DOT 6 YEAR OLD CHILD COMPARISON

The Department of Transportation, under an interagency

agreement, requested a comparative analysis of the effectiveness

of three types of automotive child restraint systems, and a

comparison of the inertial and kinematic responses of three types

of surrogate six-year-olds while restrained with each of the

three systems. The surrocates were two manikins of different

manufacture and nine live unesthetized baboons whose aeneral

anthropometry approximated that of a six year old child.
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The im , pact environments were developed with the AMRL/BBP
Horizontal Impulse Accelerator Facility at WPAFB. The impact en-

vironments simulated were twenty and thirty miles per hour head

on and fifteen and twenty miles per hour left lateral. Seventy-

five test runs, including system performance tests, were conducted

from 22 October 1975 thru 19 December 1975.

3.1.1 Photometric Data Acquisition

The primary objectives of the photometric data system were

to:

* Develop a method for calculating three dimensional

displacement of anthropometric points.

1 * Collect data on two high speed motion picture cameras

mounted onboard the test vehicle.

0 Apply the developed method to reduce the photodata to

time histories of three-dimensional coordinate positions

in the SCS of two points on the head of each subject.

The method developed to solve the time-SCS position data

resulted in the programs POOCH and SLED. These programs required

application of fixed reference fiducials and a survey of their

coordinates in the SCS. The camera and range survey data from

forward impact configurations and left lateral impact configurations

are presented in Figures 22 and 23 respectively.

Photo recordings were recorded on two Milliken DBM-4B

cameras fitted with 10 mm lenses. The cameras were operated at

a nominal rate of 500 frames per second. Timing of the film was

provided by exposure of the film edges to light emitting diodes

excited simultaneously by a central pulse generator at 100 pulses

per second.

Figures 24 and 25 illustrate typical scenes as observed

by these cameras prior to forward and lateral impacts respectively.
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II

3.1.2 Data Reduction

Reduction of the recorded data to displacement-time

histories required digitization, in the projected imaqe coordinatu

systEm (PCS) of the coordinates of fixed reference fiducials and

fiducials on the heads of the subjects, and electronic data pro-

cessing of the digitized data by POOCH and SLED.

Digitizing was accomplished on a Producers Service Corpora-

tion model PVR film analyzer (PVR) which was interfaced to a tele-

type terminal equipped with a paper tape punch station (TTY).

The film was mounted on the PVR and was transported until

the first time pulse (t=0) was observed. The film was transported

in reverse until the twelfth frame before the t pulse to com-o

pensate for the film path displacement of the LED from the exposure

frame in the gate. The frame counter was reset to 0000.

The origin of the projected image coordinate system was

located by numerically bisecting the major and minor dimensions

of the projected frame and resetting the counters to zero at

that point. The PCS coordinates of all observed reference fiducials

were then digitized by locating the cursors over the center of each

and depressing the record switch. The operator noted the code

number of eacn observed fiducial as it was digitized. These

values were later processed by POOCH to locate and orient the

camera for the data from this test.

The operator then digitized the PCS coordinates of four

reference fiducials, previously selected as being observable

throughout the event, and the four points on the heads of the

subjects. The resulting table of data was in the form of the

following format throughout the program. During lateral impacts

only one subject was exposed. When films from these tests were

digitized the reading of the chin fiducial was repeated two

additional times to fill the file.
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LINE 1:

Columns Field Data

1- 5 15 Frame number.

6-12 F7.0 PCS abscissa of reference point A.

13-19 F7.0 PCS ordinate of reference point A.

20-26 F7.0 PCS abscissa of reference point B.

27-33 F7.0 PCS ordinate of reference point B.

34-40 F7.0 PCS abscissa of reference point C.

41-47 F7.0 PCS ordinate of reference point C.

48-54 F7.0 PCS abscissa of reference point D.

55-61 F7.0 PCS ordinate of reference point D.

LINE 2:

1- 5 15 Frame number.

6-12 F7.0 PCS abscissa of puint on forehead, passenger seat.

13-19 F7.0 PCS ordinate of point on forehead, passenger seat.

20-26 F7.0 PCS abscissa of point on chin, passenger seat.

27-33 F7.0 PCS ordinate of point on chin, passenger seat.

34-40 F7.0 PCS abscissa of point on forehead, driver seat.

41-47 F7.0 PCS ordinate of point on forehead, driver seat.

48-54 F7.0 PCS abscissa of point on chin, driver seat.

55-61 F7.0 PCS ordinate of point on chin, driver seat.

NOTE: Points tracked on baboons were the head accelerometer

and the tip of the snout.

After the data were digitized from frame zero the film

was advanced to frame 001 and the points were again digitized in

the same sequence. This procedure was repeated for each frame

until one of the fiducials on the head of one of the subjects

became unreadable.
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The digital files recorded on paper tapes were communicated

to the CDC coFrputer system at Aeronautical Systems Division's

Digital Computation Facility (ASD/AD) from a TTY via data modem

and voice quality lines. The files were edited to correct format

and/or character errors and were copied to disk storage and card

punch. The card files were maintained as backup in case the disk

files had been inadvertantly purged.

The files were amended by insertion of camera location and

orientation data output by POOCH, and the addition of the fixed

reference fiducial SCS coordinates, the film frame-time equivalence

table, and the interpolation interval and test run number as

required by SLED.

The binary file of SLED was attached and executed. The

output was copied, in batch mode, to a printer and card punch.

The results were visually checked for obvious errors. If

the solutions evidenced no apparent discontinuities and the miss-

distances at the solution points were less than 0.25 inch, the

card deck containing the SCS solutions was prepared to generate

plots. The plots generated presented y and z displacements versus

x displacement.

3.2 WHOLE BODY RESTRAINT-LATERAL

Description of relative motion of anthropometric points

of the torso, head, and extremities during laboratory simulations

of impact environments are essential to the development and veri-

fication of predictive models. One method of describing the motion

of these points is to track each point as a function of time with

two or more motion picture cameras, quantify or evaluate the

coordinates of their images as projected, and from these proecto

image coordinates calculate the loci of the points in the seat

coordinate system. This method was applied durin the Who ls,,

Restraint-Lateral (WBRL) Impact Study conducted hy the Bi me,n:>,

Protection Branch of the AF Aerospace 1ediici i

tory (AMRL/BBP) . The experimental tests were condtwcted th
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Horizontal Impulse Accelerator facility in Building 824 at Wright-

Patterson Air Force Base, Ohio between March and July 1977.

3.2.1 Seat Coordinate System

The seat coordinate system (SCS) was a left handed three-

dimensional, mutually perpendicular system having its origin at

the intercept of the seat centerline and the line of intersection

of the seat pan upper surface and the seat back forward surface.

The positive senses of the axes were to the rear (x axis), to the

left (y axis), and upward (z axis) as illustrated in Figure 26.

i z

Direction of
Seat Motion

Figure 26. WBR-L Seat Coordinate System (SCS).
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3.2.2 Camera Locations

Photographic records of the responses of the test subjects

were acquired by four Milliken 16 mm cameras operating at nominal

exposure rates of 500 frames per second. All four cameras were

mounted onboard and were iccated and oriented such that each of

the fiducials located on the nine anthropometric points to be

tracked were observable by two of the cameras throughout the impact

and response periods. The location and orientation scheme of the

cameras is illustrated in Figure 27, and the coordinates of the

focal points and orientations of optical axes are presented in

Table 22.

Camera 13 Optical
Axis Normal to y-z
Plane/ Camera 11 Optical

Axis Normal to y-z_ Plane

Camera 14 Optical

Axis Declining in

or Near Plane x=O

Camera 12 Optical Axis
-x Horizontal and Rotated

CW from y=-n.

(As viewed from above.)

Figure 27. Schematic of Camera Locations and Orientations, WBR-L.
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3.2.3 Data Acquisition

The data acquisition mission consisted of three distinct

tasks:

1. Documentation of anthropometric measurements of each

subject.

2. Tracking fiducial application, measurement, and docu-

mentation.

3. Cine recording of the tracking fiducials during the

impact and response events.

Anthropometry of each test subject was measured and docu-

mented by A.MRL/HED.

Tracking fiducial application, measurement and documenta-

tion were accomplished prior to each test run by the UDRI repre-

sentative. Tracking fiducials were located as follows.

The suprasternal notch was located by palpation and marked

with a nylon tip pen.

The lower end of the sternum was located by palpation and

marked.

Two arcs of 10 cm radius were struck from the mark on the

suprasternal notch to the right and left clavicles and were marked.

One-inch-diameter fiducials, printed in alternating black

and yellow quadrants and having a one-sixteenth inch hole at the

center, were placed over these four marks.

With the subject's head erect, a fiducial approximately

three-eighths inch high and one-inch wide was centered on the

sagittal plane of the nose at the level of the pupils. A fiducial

of similar size was located at the level of the pupils at each

lateral orbital rim.

Two additional trackina fiducials were previously mounted

to a leather appliance which was strapped to the subject's pel is.

Initially these fiducials were placed on the subject over the

anterior superior iliac spines. This proved to be unsatisfactory
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because the fiducials on several subjects were obscured by abdomii.al

skin folds when the subject was seated.

The last fiducial was intended to track the motion of the

first thoracic vertebra (T-1). With the subject's head bowed for-

ward the spinous process of the seventh cervical vertebra (C-7) was

located by palpation and was followed as the subject erected his

head. The fiducial was then placed over this point which, with

the head erect, overlayed T-1.

With the subject seated in a mockup of the test seat relative

dimensions were read with an anthropometer and recorded. Dimensions

taken were:

R.H. eye fiducial - L.H. eye fiducial

R.H. eye fiducial - Nose fiducial

..H. eye fiducial - Nose fiducial

Suprasternal notch fiducial - Lower sternum fiducial

Suprasternal notch fiducial - R.H. clavicle fiducial

Suprasternal notch fiducial - L.H. clavicle fiducial

Suprasternal notch fiducial - R.H. pelvic fiducial

Suprasternal notch fiducial - L.H. pelvic fiducial

Lower sternum fiducial - R.H. clavicle fiducial

, Lower sternum fiducial - L.H. clavicle fiducial

R.H. pelvic fiducial - L.H. pelvic fiducial

R.H. clavicle fiducial - L.H. clavicle fiducial

After the subject was instrumented and seated in position,

coordinates (in the seat coordinate system) of the suprasternal

notch fiducial, thie R.H. trageon, and the lower, forward, inboard

corner of the Nine Transducer Accelerometer Pack (9TAP) were read

and recorded. The 9TAP was mounted on the R.H. side of a weldinc

mask headband which was secured by straps under the chin and the

base of the occiput. It contained three linear accelerometers at

the origin and two at the end of each arm aligned with each of the

three axes of the head and was desianed to yield time histories o'

linear acceleration in three axes and anoular accelerations about

those axes.
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Prior to the first test, fixed reference fiducials were

mounted on the test fixture. These fiducials are identified in

Figure 28, and their coordinates are listed in Table 23.

Cine recording of the responses of the subjects were re-

corded from t=-2 seconds to t=2 seconds. The four Milliken cameras

were remotely operated by circuits in the photo instrumentation

control console which was programmed into the countdown sequence.

Timing was provided by a pulse generator which simultaneously ex-

cited an LED in each of the cameras at the rate of one hundred

pulses per second.

Synchronization of time amon; the films was accomplished

by a strobe flash, observable by all cameras, initiated at t=O.

3.2.4 Data Reduction

The desired results of the data reduction effort were

time histories of coordinate positions of the tracked points and

the velocities and accelerations derived t.,ereform. The system

used was a modified photo theodolite space position solution system.

The phototheodolite system assumes synchronized exposure of films

from two or more cameras. Since the cameras used were not syn-

chronized, the system was modified to synchronize projected film

frame images by linear interpolation of projected film frame co-

ordinates between frames at fixed time intervals.

The overall data reduction task required three subtask

areas, film editing, projected image digitizing, and electronic

data processing.

3.2.4.1 Film Editing

Critical to the processing of the photo data were timing,

legibility of reference and tracking fiducials, and documentation

of any anomalies that might occur.

Each film was viewed on a light table to assure that

there was no erratic behavior of film transport during recording.

This was accomplished by sampling the film intervals between .01

second LED images on the film. If no significant deviations were
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TABLE 23

WBRL REFERENCE FIDUCIAL COORDINATES (CM)

Ref. No. x Y z

1 -45.0 0.0 - 2.5

2 0.0 0.0 0.0

3 0.0 0.0 45.2

4 0.0 0.0 70.0

5 0.0 0.0 91.2

6 0.0 -10.2 91.2

7 0.0 10.2 91.2

8 -43.7 45.0 39.5

9 5.6 -16.3 79.1

10 5.6 -16.3 63.8

11 5.2 -22.4 74.1

12 1.0 17.1 73.2

13 1.0 17.2 54.2

14 8.7 - 0.4 72.3

15 9.7 0.5 67.4

16 11.1 1.0 60.6

17 27.9 16.4 50.9

18 27.8 10.8 50.9
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noted, the average frame rate was calculated. Since the cameras

employed were pin registered, and a loop of 11 to 12 frames was

required between the pulsed LED and the shutter, absolute timing

was not possible.

Time zero was, by definition, the first frame in which

the strobe flash was observable. Given a nominal frame rate of

500 frames per second (500 fps) the maximum synchronizing error

was 2 milliseconds for each camera. However, given the shutter

openincs of 1400 tihe 9-maxirum error between two civen cameras be-

comes 1.22 milliseconds;

3600 - 1400
360 x .002 sec)

3..4.2 Projected Imaqe Digitizing

Films from cameras mounted onboard at stations 11, 12,

93, ind 14 were dicitized. The origin of the film frame coordi-

nate system was determined by bisecting the horizontal and verti-

cal centerlines of the projected film frame images from ten test

runs. The readings of reference fiducials were tabulated and the

average reading of each fiducial was calculated. These were de-

fined as the table of standard readings used to set the scales for

digitizing.

The film was mounted on the Producers Service Corporation

(PSC) model PVR film analyzer and the scaling system was rotated

until the cursors were in alignment with the projected film frame

image at the frame defined as t=0. The cursors were set over th(

image of a reference fiducial and the scales were set to zero.

The cursors were then translated until the negative values of the

standard reading for that fiducial were counted and were aqain re-

set to zero. The readings of all reference fiducials were taken

to assure that they were all within +20 counts (.02 inches) of

the values in the table of standard readings.
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From Cameras 11 and 12 the data points were dicitized to

punched paper tape in the format (I5, 8F7.0/5X, 8F7.0/5X, 8F7.0 .

The "15" was the frame number. Each of the "F7.0" formats was

composed of four pairs of "-x, y" values in the projected fa!.,

frame coordinate system. This was chosen to simplify the reddlinq

since the cameras at stations 11 and 12 were rotated onto their

left sides to improve the fieid of view.

The PSC model PVR is constrained to read +x to tite ri :ht

of the operator and +y upward. Since the cameras at stations ii

and 12 were rotated to their left sides, the operator's view o[

the film frame was as illustrated in Figure 29. Thus with the

PVR programmed to dioitize Frame :'mber -nd foar b-irz /

x values, the net result was the format presented above.

The first line of readinus (I5, 8F7.0) containe t "he

frame number and four "-x, y" film frame coordinates of fi .ed

reference points. The first format "5X, 8F7.0/" contained the

repeated frame number (5X) and four pairs of film frame coordinates

(-x, y) of the suprasternal notch, lower sternum, R.H. clavi,It-

and L.H. clavicle fiducials. The second format "5X, 8F7.0" con-

tained the repeated frame number and four pairs of film frame

coordinates (-x, y) of the R.H. pelvis, L.H. pelvis, R.H. eye,

and nose fiducials.

For camera stations 13 and 14 the data points were dici-

tized to punched paper tape in the format (15, 8F7.0/5X, 8F7.0).

For these views the PSC PVR was programmed to punch the coordinate

pairs in "x, y" format since camera 13 was mounted upright and

camera 14 was inverted.

The first line of readings (15, 8F7.0) again contained

the film frame number and pairs of x, y readings of four fixed

reference points. The second line (SX, 8F7.0) contained the re-

peated frame number and the readinq of the coordinates of the Tl

fiducial read four times. This was done to satisfy the require-

ments of the preprogramming of the PVR and iinput format to

Program SLED.
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The operator's view of the projected images of films

from cameras 13 and 14 is illustrated in Figure 30.

3.2.4.3 Electronic Data Processing

Electronic data processing required a sequence of related

operations which could be broadly broken down into the areas of

data preparation, computation and plotting, and review of results.

Three computer programs were required to achieve the re-

sults. Program POOCH was used to determine the apparent location

and orientation of each of the four cameras. Program SLED was

employed to solve for the most likely point of the intercept in

the three-dimensional SCS of rays from each pair of cameras to

each tracked point. Program WBRL was employed to calculate time

histories of smoothed coordinate positions of each of the tracked

points, smoothed component and resultant accelerations of each

of the tracked points, and orthogonal projections of the relative

positions of the right lateral orbital rim fiducial and the nose

fiducial.

The results of these calculations were printed on hard

copy and written on magnetic tape for offline plotting.

Programs POOCH and SLED are described in detail in AMRL-

TR-78-94 "Photometric Methods for the Analysis of Human Kinematic

Responses to Impact Environments."

Data Preparation: Preparation of data for input to pro-

gram POOCH required digitization of projected image coordinates

of each of the fixed reference points and transcribing these values

together with the measured coordinates in the SCS of the points

into tabulating cards. The approximate measured coordinates in

the SCS of the focal point of the camera and the nominal focal

length of the lens were also transcribed to accounting cards.

These cards were then merged with system control cards and the

binary program cards and transmitted to ASD/AD, Bldq. 676, WPAFB

for processing.
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Processing of projected imaje coordi.at-s tu ,

dimensional positions in the SCS required, in addition t@ th 2

tized readings, location and orientation data for each ,: rhu

cameras, reference fiducial table as seen by each camera, andI i

film frame-time equivalence table. Cards containing these uIati

were punched and merged with the required system control carus

and were submitted to ASD/AD for processing with prog'rarm SLED.

The tables and plots output by program SLED were revit~w< i

for apparent gross errors. When none were observed, the card 1>

punched by program SLED were merged with system control cards an l

submitted to ASD/AD for processing to smoothed time-SCS coordinAt-:,

velocities and accelerations by program WBRL which is presented

in Appendix A. Tables and plots generated by program WBRL are

presented in Appendices B through N.

Computation and Plotting: These functions were accom-

plished on the CDC systems at ASD/AD. The programs used ha et:.

previously referenced, however it is well to note that the prour-:

WBRL calls subroutines from the system library to prepare anu wr-'*

the tapes used for offline plotting.

Review of Results: The coordinate solutions calculated

by program SLED from the projected images of films from cameras

11 and 12 resulted in smooth time-displacement curves for the Y

and z components but were very erratic for the x compo- nnt. Duo

to the shallow angle between the optical axes of these caeras

(approximately 19.8 degrees) even slight readino error resulted

in large fore and aft errors (x coordinates). These errors bt<ca,.

even more magnified in the differentiation to x components cf

velocity and acceleration.

A statistical analysis of the miss distances between the

rays constructed from both cameras at the solution points was

accomplished by program SLED. The values of mean error and stan-

dard deviation from the mean calculated for each of the tracked

points for each test is tabulated at the start of each nf the

data results appendices. The mean error -ind stardar icv:,tion

1 4 1
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from the mean for the tracked points for all tests considered

are presented in Tables 24 and 25.

The above data indicated that the SCS solutions for the

T-1 fiducial were relatively poor. The hich standard deviations

for this point may be due to:

1. Refraction of rays passing through the seat back

window.

2. Glare from both window and fiducial as the seat

traveled past individual lamps.

3. Angle between the surface of the fiducial and the

ray to camera 14 was very small.

In general the fiducial surfaces were very reflective and diffi-

culty was experienced with recognizing the centers of all at

various times throughout the tests.

Calculated values of velocity and acceleration were

probably degraded as a function of frequency. A study by Mr.

Mohlman of error induced by smoothing displacement, velocity, and

acceleration data with a moving quadratic arc fit to eleven points
2

will soon be published. The study was based in part on the

analysis of sinusoidal displacement data sampled at 2 millisecond

intervals. The sinusoidal frequencies analyzed were varied from

2 Hz to 35 Hz. The results of this portion of Mr. Mohlman's

study were presented in Figure 21 and Table :0.
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SECTION 4

PICTOGRAPHIC PRESENTAT:I)N

A need was seen to exist for a method of presenting, in

a compte. -rsive manner, the sequential relativo displacements of

body s -vit as th< respond ro ;mnact inpt... Program RSD was

deve' > d to ,;rocess data, digitized from selected frames of motion

pict. Jc. nins of laboratory s im t_0 tons of -Gx impacts, to a

ser., : u ne-incremented pictograms of body segment positions

anci re.t ... narness strau displacements relative to the seat.

.s process was developed f,,r the Biomechanical Protec-

tion B-<-a of the AF Aerospace ,:Jicd :,esearch Laboratory

(AM.RL/gBP) located at Wright-Patterson Air Force Base (WPAFB),

Ohio.

It was developed to minimize the manual effort required

to coaxert digitized data to plotted pictograms. The processing

pro,.;ram is written in FORTRAN langu:-e an, utilizes library rou-

tines a': ~able on the CDC computer systems Eat Aeronautical Systems

Div.Lsio an Digital Computation Facility (ASD/AD) at WPAFB.

4.1 PROGRAM RSD INPUT REQUIREMENTS

This section describes the content and format of the data

required to execute the program RSD. This program draws six graphs

on the CALCOMP plotter which show the position of the head, shoulder,

elbow, wrist, hip, knee and ankle at six time points during the

test. The six graphs are plotted on a report size page (6-1/2 by

9 inches.

Execution of the program RSD requires the CCAU and

CCPLOT1036 CALCOMP plot libraries. The CALCOMP plot output file

is written on file TAPE7.
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The first eight cards described below define the test

parameters and the remaining six sets of six cards each defi,,e

the input data at the six time points. The variable names used

in the program are included with the data description. All re-

ferences to the y axis in this text and in the program source

listing (Appendix C) should be interpreted as the chair z axis.

Card Number 1 -- Title Card

Columns Format Variable Name Description

1-60 6A10 TITLE Title or caption printed below the
set of six graphs. This title
should be centered in the 60 column
field.

Card Number 2 -- MISC. data in inches

1- 5 Card ID, - not read by the program

6-12 F7.0 DPS Distance between Lexan panel and
seat side planes

13-19 F7.0 DSC Distance from seat side fiducial
plane to seat center line

20-26 F7.0 DPF Distance between fiducials on
Lexan panel

27-33 F7.0 DSF Distance :etween seat side fiducials

34-40 F7.0 XSB x shoulder belt
attachment point

41-47 F7.0 YSB y shoulder belt
attachment point

48-54 F7.0 XLB x lap belt attach- relative to
ment point seat origin

55-61 F7.0 YLB y lap belt attach-
ment point

62-68 F7.0 XASSF x aft seat side
fiducial

69-75 F7.0 YASSF y aft seat side
fiducial
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Card Number 3 -- Breadths across fiuc>.is u:.. , Ub Li*r.L.,

aata are in counts.

Columns Format Variable Name De s c r it on

1- 5 Card ID

6-12 F7 0 BAF (I) Hip

12-19 F7.0 BAF(2) Knee

20-26 F7.0 BAF(3) Ankle

27-33 F7.0 BAF(4) Shoulder

74-40 7 0 BAF (5) Elbow

4"-.A7 F7.0 BAF (6) Wrist

4H-74 F7 0 BAF(7) Traceon

55-61 F7.0 BAF(8) Nose

t2-68 F7.0 BAF(9) Harness lap buc le

69-75 F7.0 BAF(10) Shoulder harness

Card Number 4 -- Panel and seat fiducial data ir counts.

1- 5 Card ID

6-12 F7.0 XPF x Lexan Pantl .YD :iauu'i -:1

13-19 F7.0 YPF y Lexan Panel 71;D fiducia

20-26 F7.0 XPA x Lexan Panel AFT fiducial

27- . F7.0 YPA , Lexan Panel AFT fiducial

34-40 F7.0 XSF x Seat Side FWD fiducial

41-47 F7.0 YSF v Seat Side FWD fiducial

48-54 F7.0 XSA x Seat Side AFT fducidl

55-61 F7.0 YSA y Seat Side AFT fiducial
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" u:2bezs 5 to 7 -- x, y coordinates used to compute radii of
body elements (in counts).

,.fl V n rmat Variable Name Description

1- 5 Card ID

6-12 F7.0 Xl(2) x - First knee point

13-19 F7.0 YI(2) y First knee point
20-26 F7.0 X2(2) x Second knee point

27-33 F7.0 Y2(2) y Second knee point

34-40 F7.0 Xl(3) x First ankle point

4L-47 F7.0 Yl(3) v First ankle point

48-54 F7.C X2(3) x - Second ankle point

5"-6l F7.0 Y2(3) y - Second ankle point

Card Number 6

Same format as Card 5 above for the x, y points for the shoui'er

[X1(4), etc.] and the elbow [Xl(5) etc.].

Card Number 7

Same format as Card 5 above for the x, y points for the wrist

(Xl(6), YI(6), etc.].

Card Number 8 -- Trageon and eye points required to compute the
anale between the Trageon-Nose line and the
head z-axis (in counts).

1- 5 Card ID

6-12 P7.0 TX x Trageon point -
13-19 F7.0 TY y - Trageon point measured whenthe head z-
20-26 F7.0 EX x -ye point axis line is

27-33 F7.0 EY y - rye point J vertical

(Note that the head and hip radii are computed using the center

points from the 0 frame readings).



Film Data - the following six cards are required for I
each of the six plots.

Card Number 1 -- Time in milliseconds for this set of film data.

Columns Format Variable Name Description

1- 5 ID or frame number (e.g. TIME )

6- 8 A3 ITM Time in milliseconds

Card Number 2

1- 5 15 Frame number

6-12 F7.0 XSFF x - Seat forward fiducial

13-19 F7.0 YSFF y - Seat forward fiducial

2(,-26 F7.0 XAFF x - Seat aft fiducial

27-33 F7.0 YAFF y - Seat aft fiducial

34-40 F7.0 X(l) x - Hip center point

41-47 F7.0 Y(l) y - Hip center point

48-54 F7.0 X(2) x - Knee center point

55-61 F7.0 Y(2) y - Knee center point

Cards 3 through 6 have the same format as Card Number 2 above;

they contain the x and y coordinates of the center point for each

variable. The number in parenthesis is the index of the x and y

arrays.

Card Number 3: Ankle(3), Shoulder(4), Elbow(5), and Wrist(6).

Card Number 4: Trageon(7), Nose(8), Lap Buckle(9), First Shoulder

Harness (10).

Card Number 5: Next four Shoulder Harness points (1i to 14).

Card Number 6: Last two Shoulder Harness points (15 and 16).

(Note that the seven shoulder harness points are assumed to be

listed in sequence from the buckle to the top shoulder point;

that is, with increasing y values.)
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4.2 FILM D1GITT'"NG PROCEDURE

The title to be printed below the pictogra: i-, 1, was

manually enterod 'i, the .

.. ured (Card ., : . 1iy en-
tore:" 'ia tY.. ,..R . .

"he v,,ues _f L :clths Lcr-ss fiducials ( -a3c ; wer,

m.anual L'. 1 entered via the keyboarJ. BAF's 1 thru o were obtained

. retesL measurements form. BAF's 9 an,' P ', . - .idered

to be constant, the shoulder str j-2:nter-cente! i.> inc. - >eing

6 . 88 inches at the sin.:it, tree -i r h j ust ab' :> .;

The distances zetwi .K: c(:Ls Il te si .: J. 2>+ .. ere

meas red p rior to s._: 5 s t 2 ,st nt w: ,

rc- t .: sinr Ie tree to :', -s,

sldered to be parallel - .. t :

The filsr re:. , , .i" _ ... Ac.

on rt e i- t. h. '

The fi1m was tr.- c r 1 " fram, i:. which :s:htr. h

was flrst c t- rv,- hr, f: me c;,,n!:-.oe .3 t

to zero. Thu i was transportcd c;,tcrrd i n tht: : i- !s.-

mode, the operator notinq the -rime numbers at which -r

eighth, twelfth, sixtieth, nd -entieth 0Oi . . .... ses

appeared. The number T_ rr ce§ tL i e -......... .. -. laced

from frame zero was str..e: " a:h ,- t,. " cimbers

to determine the :ra.s - .

The film was transr)or-,. oacKward b.-hie " .' -

served the changing attitude . 1 sn -itf-t' h. 1 . >e -. aur

of the frame in which the head aR;:eire, to b,0 er,.- ','-:s

Identification of this frame is strictly sub'ectiv, . , .,.,:

error resulting from this judqment remains cons .

the processing of data from each test.
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After the film had been returned to frame zero the pro-

jected image coordinates of the reference fiducials on the lexan

panel and the side of the seat pan were digitized in the order

specified in the format for Card Number 4.

Two points were read at each of the joints on the subject's

left arm and leg in the order specified in the formats for Cards

5, 6, and 7. These points were digitized to define the diameter

of the circles representing the joints on the pictograms. The

ankle of the subject was not in the field of view at frame zero,

so the film was transported to a frame in which it was visible.

The readings of the ankle points were read and a tracing was made

in black ink on clear acrylic sheet of the fiducials on the ankle,

knee, and intermediate point on the lower leg. The tracing also

included the outline of the shin. This overlay was later used to

locate the ankle fiducial when it was outside the field of view.

The film was transported to the frame noted as ti one

in which the head was erect and the coordinates of the fiu ials

at the trageon and nose were digitized as specified in the format

for Card Number 8.

The film was returned to frame zero. At this :oint it

is well to note the possibility that on some films tke synchronizing

flash can be bright enough to wash out the images of somc of the

fiducials. Had this occurred, time zero data would have been

digiti 2d from frame -1 (99999 on counter).

Time after initiation (msec) was entered manually via the

keyboard as specified in the format for Film Data Card Number 1.

The coordinates of the projected images were digitized in the

order specified in the formats for Film Data Card Numbers 2 thru 6.

All points on the seat and the subjects were defined by the fidu-

-ials with the exception of the shoulder, the elbow, and the wrist.

As 'in, ]rm elevated, the arm segments demonstrated rotary motion

• -:' : th iduci.ils on the elbow and wrist to rotate forward

. imaqe of the arm. (Dummies with pinned joints do

rotation). At the shoulder, elbow and wrist

15 ]



the points digitized were the estimated geometric centers of the

images of the joints.

The first point diqitied on thp harn "s wa; th- cetiter

of the buckle. The second, third, -ind fourth poirits were dmgize

upward along the left shoulder strap betw,;en the buckle and th,-

clavicle. The fifth, sixth, and seventh Points were dicitize,]

upward (rearward) along the left shoulder strap between th --Ia.,

icle and seatback.

4.3 RESULTS

The pictograms generated by the test case are illustrated

in Figure 31. The format and the presentation of the body segment

positions appear to accurately reflect the projected images in the

film frames from which the data were extracted. ThE projection

of the shoulder strap, as plotted, does not accurately reproduce

the observed path of the strap. A need to review tne techninue

used to digitize the strap data, and to improvp the method of

fitting a curve to the data is indicated.
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APPENDIX A

PROGRAM HTFPD



U'R;Am "F(INPUr,OU'TPUT.TAP,5IN UT,TAPEf-=D'LIPIJT,TAr 1) 000100
-11 m NsION RES 30 ),V L(32)W,0C) W ( C !(0 ) 012C

I ME40L (8 ) HEAOR(8),llEAr,(8', DATA(L07'.), YNPP (3 Npt 3) 000140
,V%(A2I.V?(30?)g,AX(3C2),(302' 000150
.,)MMON JDJR, NtN,NP NN 0~42 VX)(332,6), ZZr3CF,b), ILAL(&., 000160

-A--C, 302), CA,.A),XD(3L2),ZC(302),1(31?.,CI(3C2),DzC3IC2) 000200

COMMION /CPLTO/ HEADL,TITLE(10,,IRX,OYLP 3CQ22,
TOQUJ IVALENCE DCi):c^l)W2Q04

11)), (ACGG(IJ,MHZ (t) ) 000260

DAA ENOJ/1OHEND .,YN PR/3M YE S, 3HYES , 3H NC/,YNPL/7HYES,3m NO000280
1,3Hi NO/ 0003JO
OATA HEADR/9H RANGE,9H f!.ED,9H HIp,qi lfNEE, 02032C
1 9H SHOULDER,9H ELEOW,9HHEALC PT 1,9HHEAD PT 21, OD0340C
ZHE AOL /5HRAN GE, 4HSL ED 3HHIP 4HKNEE,8HS HOULDER , HFL BOW, qHHEAO PT 1000360

3, 9HHEAO PT 21, 000380
4HEADC/71i WANGE.7H SLE0,6H HIP,7h -'NEF,9H SHDULDEOOO1.00

Sk 7 ELOW,HH'E& P7 ±,'9NHEiAr -T 2/ 0001420

AYGE IMPACT FACILITY PHOTOMETRIC DATA ANALYSIS PROGRA
m  

000480

COOOSZO

PARAMETER NAME VERSUS 10 CODE 00054.0

CCODE NAME 000560
C 030580

0 1 RANGE 000600
c2 SLED 000620

C 3 HIP 00064.0
I.KNEE 000660

5 SHOULDER 000680
C 6 ELBOW 000700

7 HEAD PT I 00072C
C8 HEAD PT 2 00074.0

0 000760

C *00820C

C IRX=L -- NO X-AXIS CHANGE 000840G
C IRX:1 -- CHANGE POLARITY OF X-AXIS DATA (MULT.BY -1.C) 000860
C 000880
C ITYPE=O - READ AND PPOCESS ALL a PAR.AMETER. 000900

ITYPE=I - READ AND PROCESS ONLY PARAMETERS 1, 2, 7 AND 8. oaugzc
C0 0091.0

C IPR-ci --- PRINT RAW DATA IN COUNTS 030960
0009 80

ICAM=G - CAMERA IS NOT ON THE SLED 0111000
1CAM=1 -CAMERA IS ON THE SLED: TRANSLATE AND ROtArE DATA. acizzo

C 0 50104'0
CIAO-J=0 '- X OP Z ADJUSTMENT READ OR APPLIED. 001060

IADiJ~1 YAOJ AND ZADJ ARE READ AND ADDED TO AL- X AND ? DATA 0C1080
'(EFORE ANY TAB OUTPUT. 001100

C 001120
IPL=0 P'R7NT ANL. PLnT LINEAR VEL AND ACCEL DATA 00114.0



I IPL= z? IN 041 ,U1 L F AN L.:E. JA 

C .PA=2 ) i )I T AN..,t At, Vr. A,*4,, AZJ;F, jA A 3 1 r
c
C : 

0 
RI tT ; N r. ~AIi f L v

C PC~ - 4T7 i;A IE~ v:. ..

'J I P L A CE fe 41 , VE , A - A7,- E~~ AR' 'o 4', 3 JA
L)AT A. 10(7 T N - Rf AI TN r,. IR tS A~ ) A NJ C I2 T H' '- '7 1 4 0
FOR PAkAMEIER ANO REFE~cENCE RElJLz:lV--. V1

C .1() 'UNT A IN S , Ali rE I tit N -JO 0 C 4 t
I R I f- JNT AINS RE: E R fA )JE N r 0 1

T lTLE (1 C N1 A 1 Nt. I HF DA r
c TI L E 2) CONTAINS I4L TEST ?JUMJE' Uoi'.dC
C TITLE03 --- ) TITLE (10) - rCNAIN AN 6C ;J.A; 5it

CAt (A3) -- CONTAINS THE CAL14kAiJON FAL,,u,;S rVth PAIA'iTLq<. c.1fuo
THR~OUCH 8. 3 r I~

C
C. JO --- FRAME NUMBEF LF Fi RST F)WAtE PL 07 rv. f[*- VE; Sh. 0 1 h

CSLFD P-LOT. i RE)E-INEI. ArCEP 'NP'J , ocitbAL
JR -- FRAME NJMBLF OF -AST FRAME PLOTTE0 J14 PA ,AH 1:. k SE, !S n - !77

cSLED OLOT. (REDEFINE," AFTER~ INPujT, 0-172C

CALL PLOTSCDATA,i024.,7) 0017nC
C MAXN IS THE MAXIMUM NUMBER OF FRAPIES WHICH CAN BE PR0CCE:Szl W.IT- 00Q.715

CAB0VE ARRAY DIMENSIONS. 01G
C PAXN=IFD 03 A:

MAXN=302 OJ4
C -1.0E.10 ctt8t

CAL11)=L.0
IC AL (21) =i

PIZ,,- 2. C *P1 DC c
Pf 34.=3. F, PI f4 . 0 3 n I qb,

C NP 1:3 T HE NIJMBLfR ', POTIHT2 J SI I T'- I T K. :A 1 aI , I
C NP~1j 0-,20, I
C n '20 7'1
C RE.LL TLS( SEr)A C j 2C -
C TITLEil) CONTAIN' THE iTL. 3 0of

PEAQ,,1jO)TA'flEfl)
5 PEAD (5,1310O (Tl'LC (I),*3. lA AC

IF (TITLE(3) FQE. FN[JJ G- CC cQq G2-
S READ(5,1005) NDINP2,jrCjp 2'~
C IF (NPI *LT. 3) N4PI~11 0 i 2 C

IF (NP? .LT. 3) NPI= il .0-c.

7 ITLE 2) CONI AINS THE TEST NOM'4:'6,



cI

READ(5,iQ30) TITLE(23 ,IRX,IPR,ITYPE,IPL,ICAM,IPA,IAOJ,rpc,Jo,JR,m,00z2ao
1 (IO(I)qIR(I),Ivl12)vNPDYLP 002300
IF (NP .LT& 3) NPs11 "02320
IF CIADJ *GT. 0) REAO(5,1020) XCAOJ,ZADJ 05231.0
REAU(5,1020) OT,(CAL(J) ,Jx2,8) 002360
IF (JO LT. £3 JOm1 .J02380
IF (JR *LT. 1.) JR'999 0021.00
WRITE(6,250&, TITLE,NP J2Z
IF CIAOJ) 440,9440,450 0G2440

44.0 IAOJ=D 002'.60
GO TO 455 a0024e0

450 IAOJ=1. 092500
455 IF (ICAM) 460,460,465 002520
460 ICANO0 002540

GO TO 470 002560
465 ICAN1l 00258 C
470 IF (IRX) 480,480,490 002600
480 IRXz0 0Q2620

GO TO 495 002640
490 IRX31 002660
1.95 IF £IPR) 500,500,505 302680
530 IPRMC 002700

GO TO 510 002720
535 IPR=i 002740
510 IF CIPL-1i 515,525,520 002760
515 TPL=V 0027830

GO TO 525 002800
520 IPL=Z 002620
525 IF CIPA-1) 530,548,535 00281.0
530 IPA=0 002860

GO TO 540 602880
535 ZPAz2 002900
5'&V IF CIPC-1) 545,560,550 002920
51.5 IPCz0 f0291.0

GO TO 560 0 2960
550 IPC=2 832980
560 1=1 003000

IFLAGzC 003020
NCI2I 00304.0
NCZ2999 00306C
IFRO-~100 003080
IF(OT) 565,565,570 0Q31C

56S OT*500.fA 003120
570 IF (ITYPE) 575,575,58C 003110
575 ITYPE=O 003160

Ji %3 003180
GO TO iL 003200

530 ITYPEal O0322
it*? 034

585 REAOL5,1000) CR()((J)ZIJ,3,,((,)Z,)J7,026
1) 038
00 593 J=3,6 033300
X(IJ)20*0 003320

590 Z(I,J)zo.0 00334.0

156



IF (ICD-1) 595,595,100
535 IF (IFR(I)-IFRD) 600,600,610
630 WRITE(6,2.10) IFR(I)

IFLAGI.
610 IFRD=IFR(I

GO TO 4C '*c-

CFROM HERE TO LABEL 11 READ A MAXIMUM OF 'MAXN- FRAMES OF rP A~O

10 READ(5,1O60) ICD,IFR(I),(X(I,J),ZCZ,J),J=1,4) O34
0 FOLLOWING CARD CHANGED TO INPUTT PAPER TAPE DATA:3

IF (lCD-li 15,15,100

15 IF (IFR(l)-IFRD) 20,2D925
20 WRITE(6,2410) IFR(I)

IFLAG1l
Z5 READ(5,1000) ICD,IFRD,(X(I,J),Z(I,J),J=5,8)

C FOLLOWING CARD CHANGED TO INPUT PAPER TAPE DATA:
IF (ICO-2) 30,30,70

C IF (ICD-2) 750,3Q0T
3C IF (IFR(I)-IFRD) 35t48935
35 WRITE(6,2.00) IFR(I),IFRO

IFLAGzl
%G0 TCI)=FLOAT(IFR(I))/DT

IF (IFRCI) .EQ. JD) NCl=IZ
IF (IFR(I) .EQ. JR) NC2&I

C A00 'XAOJ' AND 'ZAOJ' TO I-TH DATA POINTI
IF CIAOJ) 55,55,42

42 00 45 Jzi,2
X(IPJ)2X(IPJ) +XADJ

4.5 Z(I,J)=Z(I,J) +ZADJ
00 50 JZJI,e
X (I, J) zK CI J)+XADJ C

50 Z(I,J)=Z(I,J) *ZADJ
iS IF (I-MAXN) bi,,60,65
60 IzI.1 0

IF (ITYPE) ±0,10,585
65 WRITEC6,28.C MAXN,IFR(I)

IF (ITYPE) 10,10,585 41
70 WRITE(6,2a000 ICO,IFRD ui 42 4F

IFLAG=1 0016
GO TO 10

13C IF (ICO-9) 110,115,11 04
110 WRITE(6,2000) ICD,IFR(U)

IFLAG=l
IF (ITYPE) lu,10,585

115 N-I-± 4

IF (IRX) 118,118,116
116 DO 117 I11,N ~-

DO 117 JzI,e0 C

117 X(I,J)a-X (I,J) .'C

C PRINT TEST PARAMETER SUMMARY PAGE. 0.
C



Wl; T *. i, ( A L i 004520
WkIT-(b,21JZ3 L())28 064.540
'1 w IAZ .. 0) MR! TE 16, 213 5 XAOJ ,ZADJ oO'.5r0

WR.TEtc 50j N C 0'46 1
wkII fl. 215: 2~P- j' 004.620
wlE 'E,.16Qj YNP(IPR.1) gu4.bNO

wRIT 6 ,2 1 q0 1 NR(PL~l , YN PL (IPL + 0 004660
wR.T E F. ,1180) NPR(IPA-i) , YNPLUIPA+±. 0 A#68 0
W:RIE(6,2170) YNPN TPC+1) , YN PL IPC'--1) 0047C
DO 13u jz?,P 004.720

IF (ASS(CAL(J)~ 1)IZ,125,120 004740
120 CAL(J) 1./CAI (J3) 004.76G

IC AL (.ji 004.780
,G 70 130 304.800

125 ICAL ji z.0 094.820
WRIT(6,2820) HlE AOlJ) 00484.0

130 "ONTINUE 004860
WRITE'6,2570) 0 04.880
IF (M) 137,137,132 0049~00

132 UC J35 K1I,M 0 041320

JP=IR (K) 0 04.960
IF ( I'-A 1.(JOi *LT. I .OR. IGAL(JR) .Ll. 1) GO TO 135 014.980
WITE(6,2210) KHEAf)L(-JD),NEADL(iJ.) 015000

13b CONTINUE 005020
137 IF (IPR) L4.0,14.0,lb5 01504J

C ORINT RAW INPUT DATA IN COUNTS. 005080
c 005100

14.0 WRITE(6,2500) TITLE,NP 005120
WRTTE(6 ,2550) 305140
WRITE(6,2560) HEAOC 005160
00 1'.5 I=L,N 005180

WRITE (6 250C) TITLE, NP 0 j5220
WPITE(6 .2552) 005240
WRITHt6,2560) PiEd'1C J)"5260

005280
;OMPUTE ANt, PRI41 FR41F TO) FRAME LIFPERENCES IN COUNTS 005300

005320
.,F ( TYPE) 1-#8,146b,146 105340Q

146b GO 1.,7 J23,6 0053FJ0
vnl( j) =C.*0 005350

j4 o~(cJ)=c.o 0054.00
148 00 lb( I42,N 005420

XO(1)X(IV.XAI,11005480

Z0IOI)=(Iv2(-i 0054.60

DO 11 -JJ1,8005540



150 ZDOJ=Z (I,J)-Z(I-1,J)-ZO(l) G %55"'c
WRITE(6,2580) IFR( , (XO(J),ZD(J) ,J=1,8) 055, O

160 CONTINUE OC5603
Z ONVERT DATA FROM COUNTS TO FEET. 03j5621

£65 IF (IFLAG) 170,170,167 )05641.
167 WRITE(6,2500) TITLE,NP 305660

WRITE(6,2830) 0 5E 80
GO TO 5 0057c^

17C IF (IOAM) 175,175,650 0 3572C
175 0O 185 I=1,N t'057.

c 005763
41M AND H2 ADJUST DATA FOR SHIFT IN RANGE REFERE:NCE READI.NG. a05750

005800
-,£=X I,IJ-Xc£,£) 005820
H2:Z (I,I)-Z(£,1) 0 058.G
X(I,Z)=(X(I,2)-Hi)*CAL(2) 3 C566,"
2(1,2) =(Z (I,Z)-H2I CAL (2) 035m~ 8
00 le:. J=J , 8 010592
X(I,J)=(X(I,J)-Hi)*CAL(j) 005920

130 Z(Z,J)=(Z(I,J-H?CAL(J) 0 059.0
185 CONTINUE 035962

Do0 860f NP=NP1,NP2,Z 2%8
GO TO 695 0 0o0 I

W5 0 IF (IPR) 655,655,660 0 L6
b55 WRITE(6,2500) TITLE,NF ~02-

WRITE (6,25.0) 016G o
WRITE(6,2560) HEAOC _-

C CALL SUBROUTINE 'ROTATE' TO ROTATE, TRANSLATE, ANE, CAL:BPATE T-F n26101
C ON-BOARD CAMERA DATA (ICAM>0). I I6;-20

660 CALL ROTATE(N,JI,IPR) 0061.40
C COMPDUTE THE MEAN AND STANDARD DEvIAT:ON ABOUT THE MEAN FOR -L.ED 036150
C REFERENCE OATAt 006151

695 CALL MEANl(N,X(i,2),Z(1,2)i MC616C
Niz(NP-1) /2+i 0 Obi 8
N2=N-N1~ O1 016? 00
N3=3*N1-2 0061,2
NA.=N-N3 +1 3 16>.C
NN=N2-N£I '1 362 bE
IF (IPC+IPA-4) 700,80C,800 0 061, Q

U 062 00
2* '~COMPUTE PARAMETEP VERSUS SLED DISPLACEMENTS. 006320.

5 663'0
700 DO 72S Jm3*8 0,6360

JJsJ-2 606782
IF (ICAL(J)) 715,715,705 0064007 u5 00 71C I,N 01b 6 2

XC 0(I)=X (, J )-0(1,2) 0 Qb4...
710 ZO (I ) Z (I , J1-Z (I Z2) 34,

CALL SM (T,X0, XX(I,JJ), N,NP) C 065Z0
CALL Sm(T,Z0,ZZ(I,JJ),N,NP) j l. ? c
,,0 Tol 725 bC -

715 00 720 !=N1,N2 0 06,50

7 21 0. Z(1,JJ)=.0.rl 2 ^.b& f-0



25 CONT INLUE C 3b62,
IF ( IPC-i) 728,728,7 43 006640

728 LI NE6( =b V 661
C9) 7'.C I=N1,N2 0 06680
lF (LINE-5O) 735,730,730 036700

730 WRITE(6,2500) TITLE,NP Qu6
7 

2
2

WRTTE(6,2555) a0 674,0
WRITEA6,2565) CHEAOC(J),P-3,8) 00676C
LINE= 0 0,6780

PRINT PARAMETrR VERSLli SLED 0ArA. 006bC 0
735 WRI.E(6,2585)F t( 1,T (I,(XX (I jJ,)Z? I , J-), i6; O682;

LINgr=LINE4i 0 068'.0
74.0 CONTINUE 006860

!F (EPC) 74Z,71.2,71.3 006880
74.2 IF (NCI *LT# Hi) NCI=Ni 0069 10

IF (NC2 .GT. N2) NC2=N2 006820
NN=NC2-NC1.1 30691-3
IP=. 006960

CPLOT PARAMETER VERSUS SLED DATA. 006960
CALL OPLT(T,OI,DC,IP) 067JOG
WRITE(6,2595) IFR(NC±) ,IFRt.NC2) 00702a

74.3 IF CIPA-2) 74.5,800,800 J0704.0
007060

ZCOMP.JTE ANGULAR VELOCITY AND ArCELERATION; HERE '0 LABE 775. OC7080
C ~ ~00710n

745 XDCNI-i)zPI 007120

IF (ICAL(3)+ICAL(5)-Z) 756,750,750 007160
750 00 755 I=NiN2 007180

NI=ZZ(I,3)-ZZ(Ipi) 007200
H2=XX(1,3)-)XfI,l) 007220

C SHOULDER - HIP ANGLE 00724C0
XO CI) =ATAN2(Hi,H2) 007260
IF CXO(I) *LT. 0.0) XD(I)=XD(I)+PI2 007280
IF (ABS(XO(I)-XOCI-1)) GT1. P134) XO(I)-XD(I).PIZ 007300

755 CONTINUE 007370
CALL DERIVICT ,X0,WS, N,NP,1) 0 073..r
CALL DERIVI(T ,WS, WS2,N,NP, 2) 0 C7360
GO TO 758 00738C

756 00 757 I=N1,N2 0274.00
XDUI)=o.o 0074,20
WS5(I)=0.0 007.10

757 WS2(I)=L.0 0071.60
758 IF (ICAL(7)+ICAL(8)-2) 762,759,759 J074.
759 Do 760 I4NI,N2 OG7500

Hi =ZZ(1,5)-ZZ(,,6) 007520
H2XX(1,5)-XX(1,6) 007540

Z -HEAO PT I - HEAD PT 2 ANGLEI 007563
ZD 1) RAT&N2 (Hi ,H) 90758C
IF (ZO() *LT. 0.0) 7D(I)=Z0(I)+PT2 007600
IF IASZ(I'JI-) T. P134.) ZOC(IZD(I)'PI2 007620

760 CONTINUE 0U7640
CALL QEP, Vi)?,, NH, N, NP, 1) 007660
CAL :EF:V,(! Nm,WHZ,N,NP,2) 007680
s0T ~C 7 El 007700



762 DO 764. 1=N,N2 007720
ZO (I) =0 0 07740O
WH (I) =0 * 0077ED

64. WH2 (1) =C . 0 0G778 1.
768 LI NE =60 007801.

DO 775 I=N3,N. 007e,10
IF (LINE-5O) 772,770,77C 0 C78..

770 WPIrE(6,2500) TITLE,NP 007860
wRITE(6,Z551j 2,788 1

WRITE(6,2520)C f70'
LINE= 0 '07922

C DRINT ANGULAR VELOCITY AND ACCELERATION. 014
772 WRITE(b,2590) IFR(I) ,T (I) ,XD(I) ,WS(I) ,WS2(I) ,ZO(I) ,WH(I ),W'H2( I) D0Q 60

LINE=LLNE+i 179hO
775 CONTINUE I3 M8l 0.1

IF (IPA) 780,780,800 008U20
780 IP=2 008:, 4

NN =Nd.- N3+ 008060

JD=S i 0580 s

JR=3 C1
IF (ICAL(3)+ICAL(5)-2) 790,785,785 008120

0PLOT ANGULAR VELOCITY AND ACCELERATION DATA.0841
75.5 CALL CPLT(T(N3),WS(N3) pWSZ(N3),IP) 30816')
790 JD=7 OLSI~0

JR 8 003207
IF (ICALC7)+ICAL(8)-Z) 800,795,795 00822')

795 CALL CPLT CT(N3) ,WH(N3) ,WH2 (N3) ,IP) 308k40
830 CONTINUE 00826C

IF (M *LT. I *OR. IP. *EQ. 2) GO TO 5 0082B8"
DO 2V' J=298 0 083,70
IF (ICAL(J)) 200,200,190 008320

190 DO 195 I=ZN 00834.0
x(I,J)= XCI,J)-X(1,j) 01)536:

195 Z(I,J)s Z(I,J)-Z(I,J) GlP838,
X(I.,J)= 0o0 008.01
Z(±,J)= 0.0 6.38410

200 CONTINUE 3084410

IP=3 Cu81.6C
C 202 00 '.10 NP=NPi,NP2,2 00881

C Nl=(NP-l)/2+1 0C85f .
C N2=N-Ni+i 30852r

N3=3*Ni- 0 U85L.
C "4u"N3+i 00856C

NNzNd-N3+1 00858C

1086 '0

C COMPUTE LINEAR VELOCITY AND ACC;EL DATA FOR PARAMETER ID(K) WITH 01.86'.0
0 RESPECT TO IR(K; HERE TO LABSU d.Q0. OL1866:

C ~ 008680

C C08700
00 4.10 K1I,M 0 087 O

JD=10(K) 0.J8740
IF ( JO . LE. 1) GD TO 390 008763
JP=IP (K) 008780
IF (JR *LT. 1) GO TO 395 008801



F Z IA L (JD) L.T. .OF, CAL (j$) L T I) C T 00 0 2
X(MP Cl 0053Sz

R"= Cl 0 08L 5 0

XMN=-Cl 008k 10

2MN=-Cl 0 G892C
DO 2 12 :=I ,N 0 8,4

".05 oI(IL=X (I,JO)e
CCI 12 ( I , JO) qLr

2100CI (!)=X(L,JD)-X(I ,JR)3 9'
O0(I)=Z (I,JD)-Z(I ,JR) 3C95

212 CONTINUE
CALL SM(T,OI, X0,N,NP) orgi:-2
CALL SM(T,DCgZD,N,N-) 0.91.c

: COMPUTE MEAN AND STANDARD DEVIATION OF DIFFERENCE BETWFEN SwOOTHE, 0"91z1

: AND UNSMOOTHED DISPLACEMENT DATA$ 6U9132
CALL MEAN2(N1,N2,OI, DC,XD,ZD,SHX,SMX2,SMZ ,SMZ2) 0091,.C

0 039161
C OMPUTE MAXIMUM X, Z AND RESULTANT DISPLACEMENT. 3CI9180

009230
DO 26r' IXNI,NZ 00922C
PES(I)=SQRT(XD(I)*XD(I)+ZD(I)

4
ZD(I)) 00921.0

IF fXD(I)-XMP) 220,225 009260
215 XPIP=XD(I) 009250

TXMP=T CI) q09300
GO TO 230 009320

220 IF (XD(I)-XMN) 225,230,230 0 93'.0
225 XMN=XO(IJ 009360

TXMNzT (li 339380
230 IF fZDII)-ZMP) 240,24C,235 039'.00
235 ZMP=ZD(I) 0094.2t

TZMP=T(I) 0094403
GO TO 25u 009460

240 IF (ZD(I)-ZMN) 245,245,25C 009480
24.5 ZMN=ZD)I) 009500

TZMN=T C) 0293520,
250 IF (RES(I)-RM) 260,260,255 0:9540
255 RM=PES(I) 009560

TRM= T(I) 009580
260 CONTINUF 3 u960

C COMPUTE LINEAR VELOCITY. 069620
CALL OERIViCT, XD, VX,N,NP, 1) D09641
CALL DERtIV1(T,ZD),VZ,N,NP,I' " 096 50

0 COMPUTE LINEAP ACCELERATION DATA. 009660
CALL UIERIVI(T,VX,AX,N, NP,2) 309680
CALL DERII 1(T , VZpAZtNp NP ,2) 009690
Ll M Nu60 OC973r
00 28, 1=N3,N4 009720
VELI)=SDPTVxI)*VX1).VZ(I)VZCI)) 3197310
ACC(I)=SDRT(AX(l)*AXI)4AZ(I)*AZ(I)) 309735
IF (LINE-SO) 275,270,270 01,9740

?'r WPITE(6,2500) TITLE,NP 0U976C
WRITE(6,Z200) HEAOR(JC) ,IEAOL (JR) 39



WRITE (6,2510) -

LINE= 0 1
C 'OPINT LINEAR DISPL# VE. A.ND ACUEL DATA. I L, 9 .0

275 ACCG(I)=ACC(I)/3Z.2 0,)98050

230 CONTINUE
IF (LINE-48) 335,!334,320 0C9

320 WRITE16,2500) TITLE, NP 036
WRITE(6,220C) .EAOR(JD) ,HEADL(JR)

330 WRITE(6,2700) XMP,TXMP 0~
WRITE(6,2710) XMN,TXMN 010020
WRITE(6,2720) Z?4P, TZMP CI 10 .I
WRITE(6,27310) ZMN,TZMN 1^F
WRITE(6,27.0) RMIRM C .10 cc
WRITE (6 ,292D) SMX ,SMX2 ,SMZ ,SMZ2 j(L

C PLOT LINEAR VELOCITY AND ACCELERATION DATA. I-o
C 0i '.6

35u IF (10L) 360,360,400 :1 8c
360 CALL CPLTfTlN3,tVEL(N3,oACCG(N3),IP) C10 00

GC TO 400 0:02210
390 WRITE(6,2500) TITLE,NP 0102 L.

WRITE(6,2800) K( 313260
GO TO 44.0 flIjAc

395 WPITE(6,2500) TITLE,NP ~30or
WRITE(6,2810) K 03120'

400 CONTINUE 04
0 41C CONTINUE 00b

GO TO 5 o.10.!G
999 WRITE(6,2900) a001.

CALL PLOTE 010'.2o
STOP 004

CFOLLOWING CARD CHANGED TO INPUT PAPER TAPE DATAs 0104.60
£030 FORMAT(IL,14,8F7.,C1 01049C

C1000 FORMAT(I£,t5.8F6.0) 010 00
ICdG FORMAT(8AjID Din I :0?
1020 FORP AT(8FI0.0) 3004
1030 FORMAT(A5,1i±, 213,12,12(12,11), 13,F5. 0) 006
2030 PORM'AT(/ 'X,*EPROR IN CARD IDENTIFICATION NUMBER; CARD !O=412, 310580

I *; FRAME NUMBER =*,14) 010601o
213C FORMAT(// 4X,TEST N OT IRX ITYPE ICAm -IADJI 1

0
R 010621

iIPL IPA IPC M SETS191214 016
2110 FORMAT( 3),A5,16,F2..3,I4,716,IS,7X,12(I3,ti) 010660
Z120 FORMAT(// 36X,7(AJO,2X)) al106%
2130 FORMAT( 4X,*CALIB DATA IN COUNTS PER FOOT3-,Fq.3,6FI2.3) 0107'Z
2135 FORMIAT(/ 4X,-ADJUSTMENT FACTORE ADDED TO ALL X AND Z INPuT DATAz XDIU72D

IADJ=%FIO.Z,* AND ZADJ=*,FX0.2) 0 1074'0
ZI..0 FORMAT(/ .X,*AVERAGE TIME INCREMENT SETWEEN POINTS*,Fif.r,) 01075C
2150 FOR"ATft-,sUM8Eft Of "AMSS READ: *.I'.,* FIRAMES*WQ0p
2155 FORMAT(,/.X,*REVERSE POLARITY OF X-AXIS DATA (MULT. 9y -1.01 I ,A3)0108fl
2160 FORMAT(/4X,*PRINT LISTING OF INPUT DATA IN COUNT~i *,A7) g01%2"
21r0 FORMAT (/4XvPARAMETERS RELATIVE TO SLED DISPLACEMENTS$ PRINT? *,0l0R.0

1A3t4X,*PLOT? ,9A3) 010860
2160 FOR4AT)/X,-ANGULAR VELOCITY' A NO ACCELEPATION DATI i PRIN-? *va10 6c



1A3,4,*,PLOT? *,AS) o10gcc
Z7140 MTL~,LIER vEOT AND ACCE LE kAT I 3NrAT AI PRINT? *,0109jZI

lA3,'.X,*PLOTI * ,A3) 3 10940

22J0 FDRMAT 0 / SIX, A9, -mOTION RELATIVE TO TH1E *,Ac 01096C
2210 FORMAT/110X,I2,'-',) , MOTION RELATIVE TO TMt -,A9) 0 10138
2430 FORMAT(/ 4X,-ERROR IN FRAME NUMBERS: FRAME NUMBEr ON --:?[ 1 =',',011001

1 6 FRAME NU' BER ON CARC 2 =*,I.) 011121
24.1C FORMAT(/ 4X,-FRAME NUMBER IS NOT INCREAS;NG; C..4-I rRAMt OJUNT rORUJ121.

I CARC 1, FRAME= *,15) 011161
2530 FORMATd1Hl,3'X,-DATE8 9,AIO,20X,6TESJ NUMBEQz -,A5/ 01102C

I/ 'X,8A10,5XIZ,* POINT Q.uADRATIC FIT*) 011100
2510 FORMAT(/ 32X,'OISPLACEMENT',15x,*VEL CITv 2Y ,AC~EA3' 012

A 4X,OFRAME*, 011140O
1 4X,*TIME*,8X,*Y*,1OX,'Z *,2(SX, 'RESULTt-Nr*.,28ax,'RESULTANI') /011160
8 '.X,* NO. *, 01:: 80

2 4X,'CSEC)',2(5X,4(FEET)'),6X,'(FEET)',7',(FT/SEC)',7x,'(FT/SEC 01:.230
3SDIIO0X,w(G?'? 01122C

2520 FORMAT(// Z9y,*SHOULDER - HIP*,21X,*HEAO '7 I HEAD' PT 2'1 01'4
1 * FRAME TIME*, 2( 7XP*TP' A', 8X,'W*,l1Xq*W-ACZ-, I.Y)/ o12260
2 * NO. (SEC)*, 2(NX,-(k-UJIAMS) (RAC/SEC0 IRAO/SE7 SO) ') 3i!

25".G FORMATC//4,TNE FOLLOWING IS A LISTING OF THE INPUT JAIL. :N. :CuNT2113C^
iS AFTER TRANSLATION AND ROTATION OF ON-BOARL CAMERA 3ATAI') 011320

2550 FORMATU//4X,' -4E FOLLOWING IS A LISTING OF THE INPUT DATA IN O-UNT013.
153') 01136c

2551 FORMAT(//btX,-THE FOLLOWING IS A LISTING OF 7M AN ,Lac -TON ')F T3113 C
IHE HEAD AND SHOULDERt*, 0111.D0

2552 FORMAT(//4X,*THE FOLLOWING I: LISTING OF ()Dl (1*Ri0 .?
11) IN COUNTS:') CII..N0

2555 FORMAT(//4X,'THE FOL.LOWING IS A .ISTING OF PARAMETER -SLEDC : 'PLA011'.bC
1CEMENT IN FEET$*) 01l148'

2560 FORMAT(// - FRAME -, 5(6X,A1O)/ 2X,*NO.*, 88,~,.~0115
2565 FORMAT(// 4 FRAME TIME -,6( 7X,AiD/ 011520

I *No. (SEC)-, 6( 7X,-Xv,6X,-Z '))54

2570 FORMAT(//d4X,-LINEAR DISPLACEMENT, VELOCITY AND ACCELERA',jN DATA 1d0115b0
lILL BE COMPUTED FOR THE FOLLOWINGW3 01156C

2580 FORMAT(1X,I4,2X,8(F9.Q,F7.0)) n116. 0
2585 FORMAT(iX,I4,FII.5,6(FiO.3,FT.3))161
2590 FORMAT(1X,I4,FiI.5,2(FiO.3F.1.3,F13.3,6X))n110
2595 FORMAT(//i.X,-THE ABOVE DATA WAS PLOTTED (X VERSUS Z) FOR FRAME NUMOIlb60

IBER' ,I',* TO FRAME NUMBER' ,14) D116 8C
2630 FORMATdi.X,IL4, FiI.5,FiO.3,Fii.3,Fi2.3,FI5.3,F16.3,F17.3) 011700
2700 FORMAT(/ 4X,-MAXIMUM POSITIVE X DJ*SPLACEMENT=*,F8.3, * AT TIME 'OuTD O

.,F8.5) 0 1174C
27L0 FORMAT(/ 4X,'MAXIMUM NEGATIVE X DISPLACEMENT=*, F8. 3, 4 AT TIME '011760

1, F8.5) 0 1178C
2720 FORMAT(/ '.X,MAXIMUM POSITIVE Z DISPLACEMENT=*,F8.3, * AT TIME *1!1150C

1, F8.5) 011820
2730 FORMAT(/ 4X,MAXIMUM NEGATIVE Z DISPLACEMENTa*,F8.3, * AT TIME *01181.0

1, F8.5) 111860
2740 FORMAT(/ J.X,6AXIMUM RESULTANT DISPLACMENT=,FS.3, * AT TIME '011880

2830 FOR4IAT(//f4X, 'OMIT COMPUTATIONS FOR SET4,13/ NX,-THE PROGRAM Sjq'
1 NOT DESIGNED TO COMPUTE RANGE DISPLACEMENT, VELOCITY AND ACCE1_EpA0jl1;&.
2TION.*f 4X,'OATA PARAMETER COVE IS LESS THAN OR EQUAL TO 1') ol11f60

2510 rORMAT(///4X, 'OMIT COMPUTATIONS FOR SET0,13/ 018

16( 4



I 4X,-REFERENCE PARAMETER CODE IS LESS THAN 1*)
2820 FORMAT(/ 4X,

4
CALIBRATION FACTOR IS 0.0 THUS COMPUTATIONS WILL BE O01202C

1MITTED FOR THE FOLLOWING PARAMETERI ,pAIO) 012D,,J
2830 FORMAT(//lXvi34(1H-)//dX, *OMIT THE REMAINDER OF THE COMPUTATIONS02060

1 FOR THIS TEST BECAUSE OF INPUT CARD PROaLEMS.
4
/ 0iZCd

2 4XOSEE ERROR STATEMENTS AT THE BEGINNING OF THE OUTPUT FOR THIS 012100
3TEST-// lX,134(lH-)) 01212U

284C FORMAT(i/X,-NUH9ER OF FRAMES IS 4,1'4; OMIT DATA FOR FRAME NUMeQ1214O
LERI-,I4) Q12it0

2900 FORMAT(
4
1 END OF JOB) 0121V0

2920 FORMAT (yX
4
t*EAN AND STANDARD OEVIATION OF UNSMOOTHzD-SMOOTHED DISOt!20G

iPLACEMENT DATAI/4X,-MEAN AND S.D. OF X=41P2E15.5/4X,*MEAN AND S.0127'1'
Z0. OF Zz*, ZE15.5) 01224c
END OZ260

165



SUBROUTINE CPLT(T,Y,Z,1P) 012281
DIMENSION X(3a2),T(1J,Y(1),Z(lJ 012300
COMMON JD,JR, NNP,Ii,12,XX(302,6),ZZ(302,6),ICAL(8) D12320
COMMON /CPLTC/ HEAOL(8),DATE,TEST,TITLE(8J,IRX,DYLP 012340

IP~l COMPOSITE PLOT OF PARAMETER VERSUS SLED DATA 012360
C IP=2 PLOT OF ANGULAR VEL AND ACCEL 012380
CIP=3 PLOT OF VOL AND ACCEL 012400

C SXMA X IS THE MAXIMUM LENGTH OF THE TIME SCALE IN INCHES. 012l-20
0 SXMAX=17.a 012'.40

SXMA X=32. 0 0124.60
SY=10. 0 012480
ox= .32 012500
N1=N+1 012520
N2=N*2 3125,-C

IF (I1-2) 300.5,5 012560

X tN2 )=DX 012640
SX= FL0ATUIFI (XN)-K(N1) /0X *1) 012660
IF (SX * T. SXMAX) SX= SX'iAX 012680
CALL AXIS(&.0,j.0,12HTlME IN. SEC.,-12,SX,0.&,X(N),DX%) 012700
IF (IP *EQ. 2) ,o T: 4.00 01272L
AMX2-.CEIC 012740
AM%= 1.1E10 01276C
DO 15 J=1,N 11Z780
AMX=AMAXAi MX ,Y(Ji I 012800
AMX=AAIX(AM,Z(j)l 012820
AMN=AMIN1(AM,Y)) 012840
AMN-AMINIIAMN,,:(j)) 012t60

15 CONTINUE 012680
IF (AMN) 30,20,20 012900

20 AMI4O.0 012920
GO TO '.C 012940

30 AMN-FLOAT (IFI X AMN2.5 )-I 2.5 012960
'.0 AMX=FLOA (IFIX(Amx/2'.5.o), '.5 012980

IF (DYLP) 163,4.3,42 003000
42 DY=OYLP 013020

GO TC 9C 013040
.93 DYY'(AMY-AMN)/SY 013060

IF (DYY-2.5) 44.,44',45 C' -30 80
-64 CV=2.5 013100

YMIN*AMN 0 13120
GO TC 11.0 U13140

*5 IF (CYY-5.0) 46,4.6,..8 013160
..b OY=5.0 0131 9C

GO TO 9C 0132ut
48 IF (CYY-10.0) 50,50.60 3131,20
5L0y 1C .0 0 132 40

,0 TO 9C 0132bG
60 IF (OYY-20.01 70,70,80 013280
70 OY=26.0 013300

GO TO 90 013320
50 9V.30.0 ~'1334.0
IV Y"I4=FLOAT(1FIX(AMN/0Y) .,)y 03



I F I(Y4N *cr. 4"11) YMPA=Y~ltN-UN ji 13
IF IYMIN *T. AMN ) l1N=YMIN--N3 33

2.30 A=sry*9.y4IN .

IF ( AM'X .*LE. YPA 1,0 TO 102

YMAX=YMA%4O+11

I Z 41 =Y 1
y~ :39 2 0

CALL .1%S(G.3 ,J. 0926HVEL kN FT/SEG A1CC 1IN ,6,r',~3 T 2
IF (Y"1IN) 105,110,211] 3 13S0

135 Yo=A8s(y~iNfoT) 11j3560
CALL PLOT(0.3 , Y 3, 3 1 3 580
CALL PLOT(SX, YO, Z) 0 1 3 6 0

±10 00 120 IZ1,N ~ ~2
IF Y(I2 .GT. YMAX) Y(I1)=YA X ll:! .3
IF (Z I *GT. YMAX) Z (I) =YIA~ X 66

IF Z11 I*LT. YMI N) Z( 1) =Y4N 2: j

120 CONrIN1UE 1 -3 1 1
130 CALL LINE(X,Y,4,i,10,l) 3l"4

H1-HEAUL(JO) :3

CALL SY?3OLf0.25,9.5,0.10'5,Hl,I'.0,-) 11.3 8G0
C:ALL SY MtOL(0 .25 ,9. 3 , 0.105b6 RE L T ,3. 3,, )2 135134
H1N4EAOL 2JPI 31 38C 0
CALL SYtlOLI0.25,9.1,0.1Q5,H1,t. 0,l) 313 ,3

CALL SVMBOL(O.5, 71) ,a15J..,1 31 0
CALL SYM8OL(0.65,a.75,0.105,3HVEL,0.0,3) 313920

J=~ 3 3 19
CALL SYM'30L( 0. 5, 8.55 0. 10 5, J,&.O -1) J3
CALL SYM00L(0.o5,8.5'),3.105,3HMCC,0.0 , 3 33 8

1'.0 CALL SYM-30L(0.Z5,3.8,4h.1O5,L.HTEST,0.0,.) 31'.003
CALL SYm3OL(J.?5,3.8,.15,TET,0.a,5) J 14G20
CALL N~BRL7,.,~ULA(P,. 1 1 40-1
CALL SY"90L (2 .05 ,9. 8 G. 05 3HPO INT PIT, J. 0 , 0) 31.063

C 3 1 -I )
C LOT THE C-OMPOSITE r'LDT OF PA9AMETERS VERSUS SLED. 11-123

C 40OTEs QOINATE AND ARSCISSA iCALIIr, :S rIXt.O. 41

31 ZMINQ.0 2' J11"
C MIN=-1.S-2.2*FLOAT ( IP) 31'..?33

)YMIN=-1.3 3 1 ."20
OZXO.'.3 ...

SX =I C. a 0 12. -1
CALL AX IS(Q. 0, J. 0, 14HX 9ISP' IN rEET-1 , SX I.0,4, -x 3 1-!3
CALL AXI (3.0,.3.0,1i.1Z DISP :N cET. 31Y-33,2'IJ'
C,-AL L SYM3L (0.25,9.5,6.1551HATA OE, r,3 C LZ-l,C.
X Nt) =YIN :-3

1 N2 = C X 3~
Z N1 tZMIN31.



Z(N2) --JZ 1 14420
~X )(SXX +XM IN 0 1,*44.O
NAK=SY6)z +Z i IN Q1'.I 41

lo'ta G. 0 14480
or)10 J=I,b 314-530

IF tILCAL(,J+Z)) 31G,310,305 J1.523
315 Hl=HEAL(J) 344

YO =Yt-0. 25 31L.560
CALL SYM3OL(-i.75,Y0+0.05, 0. 05,J90.0i-t) 014580
CALL 1YSL-.0Y O.0,I,.,)'1L.600

310 CON'TINLI. G146ZQ
KC 325 J=1.6 014640
IF (ICAL(J.2? I 325,325,315 014660

315 r'q 0314680
L~o 320 1=11,12 014700
TI!T=.1. 01.'7?0

ZC7t ,,L SC L 7-,S PIN) iT ) = 1N01580
1 F N ' ( IN G .ZA)131=M~ 31480'.
ZIN!2(1 LTIN) Z(I)=MN01480

CALL LIN(X,,-l 015080
325 CONT14U 014900

Go TO 140 015920

C ErP 015220
C SETUP FAT(/PLOT ANG OVE VL N A CCEL QI~AEPOTD 154u

Z~NZ(i OYB2 MNFOZ Z"F.)060

Z ( N2) 10

WPIT(6,200)Y~lNO'f,~lNOZ 0512
CALL~~~~~~~~~ 4X200002"NUA E A/SC 2s' 'MND)15



SUBROUTINE SN(x,Y,YC,N,NP) G15310
C NP MUST BE AN ODD INTEGER *GE. 3. 015320
C :OMPUTE THE COEFFICIENTS FOR A QUADRATIC LEAST SQUARES FIT OF 'NP* 015340
C POINTS AND COMPUTE THE FIT OF THE DATA (NO DERIVATIVES) 'YC(1Il. 315360

M=(NP-i) /2 015'.JO
NN=N-M i0
Ni =NN. 1 0154,-0
DO 10 I=I,M 0 15460

t0 YC(I)=O.0 1154.80
00 20 I=NI,N 01550a

20 'c(I)=o.o 315520
MM:M~i 315540f
00 100 I=NM,NN 0 15563

Nlzl-M 155do
N2=I +m 01.5630
CALL OLSQ(X,fvNivN2,C) J15620

C YP(I)=2.0*C'i) Y(I)4C(Z) 015660
C YPfI=2.oK1() 015680

110 CONTINUE 015700
RETURN 015720
ENO 31571-0



U 3RCJT IN 4E RIV I x, T. IP NNt.:DP 35 7
C 4iP MUST :,E AN COO INTESEP G~E. 3. 0157 90

10=D2 FORp SECJNO DEP:VATIVE. 30r2
2 OMPUTE THE CCEFcICIENTS FOR~ A OUAGRArr7 LEAST S IU4EC7 FI

'2INTS ,NO COMhPUTE THIE 'rIRST DERIVA.TIVE Y().05

(NP-j) /2015 00

NN =N- K ~~
30 10 IoKa15,36

10 YP(t)=O.0 Olb..00
DO 2 ~ N1N 016020

20 YP(t)=0.3 010-
HM=+ 1 3 60 0
20 IGG I=rMM,NN 4.0~

NI 't-~01610 ,
'J2 I. ~016120

CAL.L OLSQOIX,1,NI, N2, lll2
YC(t)='JC)1)~ tX(t) +C) %(fl+C3)012.a

C ~031620
100 7N T : NIJ E 3161,20

RETURN 0162.0
ENO 316250



SJIqROUT INE )L S)( X ,1 , N2,

0 THiIS SUbROUTINE COMPUTES THE JUAD AT 1C EAS St3U ARE 1~- t., b
C(3 ' ORNP OATA POINTS 9N iS E AN 000 INTEGLA 3).

C THE ZJATA 4EEU NOT ;3E EQUALLY SPACED.
c C t1) * X21+C (2) -XC (3): zy i
c C(I)*X+C(2)=Y 3 lb-.-

: U9ST.TUTE AP=X- F, WHEPE FF IS *X((NI.N2)/2) I'f4

C THEN C:(3)=C(3)*C (i)FF*FF-C(2)*FF f)o

C

131C2-32zC1 ) 31 0
"N=PLJAT (N2-NI .1) b5
4NN=(NI.N2) /2 1 ::o,
FF= ('dN) j " ) '

Z2 =0 ~b-
Z3=03 uO 31b
Z4=0 a "~

7~
Z5 0 0'1

27= 16 7'~

xl.x2*x2 0 1t 73

Z2=z?+X1l 31 b8no
2.z L. txj*x 2 :bJ I

?9 IONTINUE 316. U
DE N= F C 2., 3,Z2,33,Z2,21.32,21, F N) I I 0 j I
C( 1) F 3T,Z6,5,Z3,32,Zi,212, 3,FN)/OEN 1101
C (2) =F (Z4,23,Z2,Z7,Z6,Z5,Z2,ZI,FN)/OEN 3170,.0
2(3) :F(Z'.,33,ZZ,Z3,Z2, Zi,37,Z6.251/2EN4 017 3 h
C(')=C(3)+C(1)*FFF-C(2)*F; 23 '2 70 I

'(2)= (2)-.0*C~)*FF31713,1

RET' URN 01~71,10
END 33171 -0



'JE-RClTlNE ROTArT(,1t ~ 1 71t6
CCM14GN J;, R , N,9NP,NCIP NC2 ,XX i30 ,6) ,2Z ( 3U2 ,6) , I,-AL(6), 017110

1 IFRi3 J2),X(302,d),Z(302,8) .10(12) ,2R12) ,1:C(3021 , 017200
2AC7 3C Z) , CAL(81 ,X0(302), 0(2302) J17220

TH15S S,&OLTli.E TRANSLATES, ROTATES, AND CALI3RATES T-E ON-.0OARO 0172L.0
2 Z.MEPA CATA STORED IN TH"E *i' AND 'Z' ARRAYS. ALL OATA ARE 01200

T RANSL:6TED TO A COORDINATE SYSTEM THROUGH THE SLED RANGE PEFERENCE 0 1172, c
30INr (FIRST X,Z PAIR FOR EACH TIH-E). 017340

2 AXS iSTHE ROTtEDSO THE ANGLE 3ETWEEN T14E SLED RAN2,E REFEQE14CE 072

4 ND THiE SLED RE:E41ENCE (SECOND X,Z PAIR FOR EACH TIME) IS THE SAME 3173L0
WQk ALL t~l TTOS(SAME AS AT iMHE uj. 0372360
P IV, T P-'INI15I RANGE REFERENCE ON (HE SLED. 378
S ECOND PUINT IS THE SLED REFERENCE POINT. 0174.00

PIZ=6.283185308 0171.20
11 0171.40
xR (,1?j 3 174bd
ZR'Z 11,11 G174.80
!F UIPR) 1iO.5017500'

IU 4R1TE(6,4580) IiR(I) (X(I,J),Z(I,J),J=1,8) 01-7521,
iUT6YRA.2T INITIAL RANGE VALUE FROM SLED REFERENCE AND CG;-rERMINE T'E a175-0
REFERENACE ANGLE. 01756
15 AI-Y U 21-XR J1755O

~oz Ul2)-Zp 311600
1(,2(=XII,2) *(AL12) 0 1762U

Z~ Z ( I , 21 ;,L (2) 0 176410

.,J)=X( I,J; CA L J) 016n

2 T 4' IS THE REFERENCE ANGLE 8ETWE -N THE IWO REFERNENCE OclINTS ON Th.E 017720
, LED 0 'OR THE FIRST TIME STATION (RANGE AND SLED REFER-1.OE POINTS)* 6177.0

2ALL DATA FOR 1=2 To N ARE ROTATEO TO MAKE THE ANGLE SE74EEN THE T.wD 0177s0
12 'INTS THE SAME. 0 17760

35 TH4R =AT AfN2 ( Z,X 1) 017800
IF (THR .LT. 0.3) CHR=THFRPTZ 017820
00 50 1=2,N 017840
'ii XII,l 0JI17860
H2ZZ(1,1) W1880

T RANSL ATE SLED REFERENCE DATA TO COORDINATE SYSTEM THROUGH SLED RANGE017900
4 EFEREN, 'E AND DETERMINE THE ANGLE BETWEE4 SLED PANGE kZEFERLNCE AND J17q20
THE SLED REFERENC. POINTS (FOR I-TH TIME STATION). 01940

Xj=X (1,Z)-Hi 017960
ZlzZ(I,2)-042 017980
TH1=ArANZ(Z1,X1) 3180)0
IF (T,41 .1 r.~ j4-]HI.PIZ 018020

ALL DAA ARE ROTA ED BY ANGLE TH2THI-THR. 01380"o
TH .THI-TN4R 315060
CS:Co S(TM) 0 ISC 8
SN: IN ITHl 31310C

;orDTT SLED REFERENCE t40 TPANSLATE 3ACK Tj ITI-L. 0 t~t YTO111
(2 (2 =xiCS+Z1l N4YF 181

(I, 2ZD(2 'CA (2)018220
CO 4u J=JI,8 0152210

frQNSLAT, 
0

Y I INO "Z ANDI ;OTA r i A ONr,E TH' HEN 7 AN5L 4Tr 3A' 1. c



r 0 INIT iAL CZUJRO INATE SYSTFM. '..

Kc(Ji=Xl1CS*Zl;SN+hR
zo ( s) K+ x zt. Z :S+ZR

413 !J) Zj( J) c AtJA

IF (IP) .,5, 4, 5

50 CaN1 NUE

END
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SU9ROUTINE MEAN2(NI,N2,DI ,0C,XE.,ZO3,SMJ,SMX2,SMZ, S4Z2) 316960
DIMENSION 0j(1) ,OC(j) ,XO(1), ZOCI) 0 11S9 A 0

C :OMPUTE AVERAGE ANO S.D. OF UNSIIOOTHED M.NUS SMOOTHED 9ATA: 019000
FNNzFLOAT (N2-Ni4.iJ 3 190 20
SMX=SMX2=SMZS1Z2s0.0 3190.0
00 100 I=NI,N2 019060
DIFX=01 (1)-XOUI) 019030
OIFZ=OC (I)-ZD(I) 319130
SMX=SMX+OIFX 019120
SMZ:SMZ.OIFZ 3 191-40
SMX2SMX2*OIFX**2 019160

130 SMZ2=SMZ2+OIFZ**2 0191 90
SMX=SMXJ'FNN 019200
SMZ=SMZ/FNN 319220
SM2SIT(M2SX*M*N)(N-~) 3192.0
SMZ2=SoRT(usMZ2-SMZ*SMZ*FNN)/(FNN-i.on) 119260
RETURN OL9230
ENO 319303



APPENDIX B
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PQ FAM W'9RL AI.PUT t[TPUT TAEzN'lTI~bGT-TFAE7 0j3 1K

A( Z150 ) ,FMN(12) ,FMi(12)3010
DIMENSICN OAra(1024-),F.ING(3,2),FMXC(3,2),Is(9I,:E(0) 0 300133
CA A E NC/ 1999? ~/ ,NP/, I/ , C o;/±. DE 14/ FC T 0 7FC T C/ G s/,INC/L./ ora200
1 , TCUjN/1. OE-05/, NMAX/150/ 0 0 32 C
GAL L PL GTS (DA TA, 1024,7)002-
CA2LL PLOT(0.0,-j. 5,-3) i 0
CAL.L PLOT(0.D ,0.7,-3) a 0C2 0

CALL FACTOR(FCT) 0 00 30 0
CALL OATE(TOOAY) 04)0,!"1
CALL TIME(GLOCK) 0 00 342'
NS=(NPl1) 2 DID 'f6

10 PEAD(5,100uJ TEST,TCOMP,DT 030.s 0
IF ( EOF (5) ) 999, 23 0 .

20 REAO(5,!100) TITLE 000422l
IF (OT LTr. TCON) OrTo.0020
NST 00 0"O
'025 1=1,NM0.X 30.
T ( 1) =FL CArT ( I- 1 0T a0 05 1G
IF (ABS(TCCMP-T(Il .LT. TCON) NST=I 9005,11
C5ONTINUE00-
IF (NST L.T. 1) WRITE(6,3300) a 10 1
IERRZG 0301;,l
20 50 K=1,5 393Eoo
J2 =2*K OF'

IF (K .*E'. 5) J2-J1 0l

REAO05,i2oo) TOM,(XnI,J),Y1,J),Z(I,J),JsiI,J2) 00030
GO 30 I=I,NMAX 0J0720
IF (ABS(TUl)-T3M) .1-T. TCON) GO TO 35 00.

30 CONT:NUE 027
t'2K=(Ji41.) 2 .2
IF (IEqR .EQ. n) WRTTE(b,3050; .2 0 ~
WRITE(693010) TES T , IOK, TOm 0 3p7
I R- 0 00-.
GO TO 60 U-bL

35 1 (jl)zlae~
IS (J 2) =I 0 u JQ 10
IF (I E2. 1) GO TO 50 0ez

00 40 J-JI,J2 00 0 43

Y(IJ)y~l~0 00'3 0

50 ZII)Z(,1 0010 '2

TV (I GT1. WMAX) GO TO 55 0010-2
REAO(5,2.200) TOM,(xUlJ),y(IJ),Z(I,J),J=J1,J2) 0010"Tl
IF (TOM *GT. 9330.0) 10 TO 70 3 c~ 2
IF (ASS(TOM-T(l)) I LT. TCO) GO TO 5D 221:210
IF (!ERR *EQ. 0) WRITE(6,3050) J011220
IE~RIERR~l 0011-

wOLTE (6,3000) TEST,IOKT(l),T'P'

1 7



GO TO 60 001200
55 IF (IERR .EQ. a) WITE(6,3050) 001213

IOK=~(Ji+i) /2 001242
WRITE(6,3060) NMAX,IDK 001260

S0 REAO(5,1330) CK OC1230
IF (CK .El. END) GO To 70 Oct 313
SC TO 60 041320

70 :E (j1)=1-l 30134.0
IE (J2)mliI 0C13630

50 CONTINUE 301330
IF (IERR) 110,100,10 0014320

00 200 J=I,g 3 j.'.0
N=XE (J) -IS U) 1 0 014.60
N1=IS~,;) 4NS 01480
N2=1E(J)-NS 0.21SJQ
N3=N1+NS 001520
N4=N2-NS 0015-0
NS =N3+NS 001560
N6=N'.NS 001530
0O 16)' IZ1,IZ 001600
FMN( I) =CON 001620

160 F)X(I)=-CON 00164.0
IzIS U) 0.u1660
CALL SM'TX(I,J),XX(I,J),N,NP) 011680
CALL Sm(T,T(I,J),YY(I,J),N,NP) 001730
CALL SM(TZ(IJ),ZZ(I,Jl,N,NP) 001720

C COMPUTE VELOCITY COMPONENTSI 001740
CALL OEPIVZ(rxxII,J),xCi,3) ,NPNP,i) 001760
CALL OERIVi(T,YY (I,J) ,YtI,J) ,N,NP,1) 001730
CALL OERI1V1IT,ZZ(IJhgZ(I,3) ,NNP,I) 001800
00 170 II=N3,N'. 003620

Y( 11,3) Y(II,J)/i.2.0 001860
170 Z(II,J) =Z(II,J)/I2.0 001860

COMPUTE ACCELERATION COTmPONENTSZ 0 01900
CALL OERIVI(T,X(I,J),XA(I),N,NP,2) 001920
CALL OERIVI~r,YIU,J) A() N.W9P2) J0194.0
CALL 0ERI~I.(T,Z(I,J),ZA(I),N,NP,2) 001960
LINE=60018
CO i9J I:N1,N2 002000
IF (LINE-50) 175,172,172 002023

t72 WRITE(6,2500) TODAY, CLOCX, TEST,TITLE,NP 002040
'RITE(6,2505) J 0 02O60
WRITE (6,25L0) a02080
LI NEO 002130

ITS F#4(1,uANlI(F4MC1), XX(t,J)) 902120
FMM(2)=AMINi(FNN(2) YY(I,J)) 102140c
FMN(3)=AMIN1(F4N(3) ZZ(I,j)) 0021b0
F4X(1)=AMAX1(F9x(I),%X)(I,j)) 002160
FMX(2:AAX1(FMX(2) YY(I,J)) 002230
FMX (3 =AflAXI(FlX(3),ZZ(I,J)) 002220
IF (I *LT. H3 .OR. I .GT. 416.) GO TO 175 00224C

'OMPUTF RESULTANT LINEAR 4EL.OCITYS G02'S.3



NEW

FMN(5)=ANINi(FM1N(5),X(I,j)) J 32300
FMN (6 j=AMINi(FM9N(6),r(I,jj) 002320
FMN(7)=AMiINI(FMN(7),Z(I,J)) 3 fZ34.0
FMN(8V=AMNI(FMN(8),VRES(I)) 002363
F4X(5)=AMAXI(FMX(5)X(I,j)) ,0238.
FMX(6)=A4AXI(FMX(6) , Y( IJ)) J024 (IQ
FMX(7)=AMAX1I(F4IX(7) Z(I,J)) 002L.20
F'MX(5)=AMAX1(FMX(8),VRES(I)) 0 J24..0

IF (I *LT. N5 .OR. I *GT. 146) Go ro ISO GA2 4 62
C ;GMPUTE RESULTANT LINEAR ACCELERATIONS 2 02'.30

ARES(II =SQRT(XA(I1 42+VA(1)042*ZA(IP**2) 002500
FMN(9)=AMINiCFMN(9),XA CI)) OCZ521

F4N(j0)sAPIINi(FMN(±0),YA(I)) 002540
FMN(±I)=AMINi(FMN(I1),ZA(I)) 002560
FMN(12)=AMINI(FMN(I2),ARESCI)) 002550
FMX (9V=AMAX1.CFMX(9) ,XA (I)) 002600
Fmx(1O)=A~qAXI(FMX(IO),fA(I)) 002620
FMXC±1)=AMAXI(FMX(I±),ZA(I)) a0264.0
FMX( ±23=AI8AXI (FMX (2Z) ARES Un) 0026b0
GO TO 185 102680

1.75 WRITE(6,2600) I,T(I),XXUI,J),lY(I,J),zz(Ipj) 03270
GO TO 187 0122723

ISO0 WRITE(6,2600) I,TCI),XX(I,J),YY(I,J),ZZ(I,J),X(I,J),Y(I,J) 00274.0
1,Z(I,J) ,VRESCI) 002763

GO To 187 0027il
155 WRITEC6,Z6001 rT(I),XXCI,J),YY(I,J),ZZ(I,J),X(I,J), 00252)3

I Y(I,J),Z(I,J),VRES(I),XA(I),YA(I3,ZA(r3,ARES(Ii 0j282,j
117 LINE=LINE41 3028'
190 CONTINUE 00285o

WRITE(6,2750) (FMX(I),I=I,3),(FMX(I),I=52.2) 042900
CALL PLT(J,N1,NZ,N3,N'.,NS,N6,MAXT ,TEST) 002920
IF (J *LT. 7 .OR. J *GT. 8) GO TO ZOO 0 029'.0
JJ=J-6 3429ba
FMNC (1,JJ) zFMN (1) 002980
FMXC (1,JJ)sFMlX(i) 30300
FMNC (2 ,JJJFMN(2) 20302V
FNXC (2, JJ~zF4X (21 0030140
FMNC (3,JJ)=F4N(3) 0030(30
FMXC (3,JJ) =F X (3) 003080

220 CONTINUE 003130
N2=MINC(tE(7),IE(8))-NS 0fl31?0
CALL FACTOR(FCTC) 003140
NI=qAXO(IS(7)91S(8)),NS 003160
IF (NJ .GT. NST) NST-NI 003180
CALL PC (FMNC,F4IXC,NST,N2,INC ,TEsT) 003200
CALL CACTOR(FCT) 003220
GO TO ±0 0 0 32 .0

999 CALL PLOTE(NA) 003260
WRITE(6,32lU) 04A 003250
STOP -ENO OF JOB- 003300

1010 FORMAT ( AiO2FIG. 0) 3033,10
1130 FO9MAT(8AtO) 0033L40
1230 rOq.4AT(F5.0,6F6. 31 0 V37 0
1320 FORIAT(A5) 038

179



e510 FOR4AT(IHM1,OATEI *,AIUIZX,*TIMES *,A1QOlZX,4TEST eUm x ,
I A1O// lX,8Al0,5XI2,f POINT QUADRATIC FIT') i03L.

2535 FOP4AT(/* DATA FOR VARIABLE COCE NUMBER ,IZ2) I

251' FORMAT(/* FRAME TIMEO, 5X9,OISPLACEMEN[ (INCHES)*,2.X,*VELOCITY (
iFEET/SEC)',16X,*ACCELERATION (FEET/SEC SQ)*/ aJ34 -0
2
s 
* NO. (SEC ) X-,SX,-Y-,8X,*Z-,4X,2(SX,-X-,gX,-Y-, 00 35,10

19X,'Z-,5X,'R=SULTANT*
) ) 30!se2

2630 FORMAT (jX ,I4,F7. 3, 3Fg. 3,8Fl0.3) 0035,0
2710 FORMAT(* MINIMUM *,3X,3F9.3FjO.3) 2J]5S0
?7S0 FORMAT(* MAXIMUM *,3X,3F9.3,SFIO.3) 0"35 G
3330 FORMAT(//* TESTS 4,AIO,SX'TIME ERRCR IN OECK*,I3,- --- T(I)= *, 0036J0

1 F7.3,- AND INCORRECT TIME a *,F7.3/I1 READ THROUGH REMAINING 0ECK3v36,0
2S IN THIS TEST AND PROCEED TO THE NEXT TEST.*) oa3640

3010 FORMAT(//* TEST: -,AIO,2X,'TIME ERROR IN OECK%13, --- FIRST TtME=JG3bb0
I-,F7.3/0 FIRST TIME DOESNHT MATCH TIME DATA COMPUTED FROM GIVEN OT003650
2. f * SKIP THIS TEST.') 003730

3050 FORMAT(IHI) 30J372
3060 FORMAT(//* INDEX OF INPUT DATA POINTS IS GREATER THAN OR EQUAL TG JO374

i',13,- FOR OECK',II3/ SOME DATA POINTS MAY HAVE BEEN LOST.'/ 3113761
2' INDEX OF THE FIRST DATA POINT = I+T/DT, WHERE T IS THE TtI'E JF T0 0 3 7A0
3HE FIRST DATA POINT.') In38il

3210 FORMAT(41 ENO OF JOB; NUMBER OF BLOCK ADDRESSES= *,13) 103t%2
3310 FORMAT('ITIME OF fIPST POINT IN COMPOSITE PLOT (TCOMP) QCE3N'T 4ATjJ!384

ICH ANY STANDARD TIME COMPUTED FROM THE GIVEN DT.// 00386n
2 4 COMPOSITE PLOT WILL CONTAIN ALL AVAILABLE POINTS.*) 0038d0
END 003qO



SUBROUTINE SM(X,YYC,N,NP) 003020
C A'P M1UST BE AN ODD INTEGER G(F- 3. 003q'.0
C ;OMPUTE THE COEFFICIENTS FOR A QUADRATIC LEAST SQUARES FIT CF 'NP' 003960
CPOINTS AND COMPUTE THE FIT OF THE OATA (NO DERIVATIVES) 'IC(I)'. 0439 0

DIMENSION C(3),X(l),YCliYC(1) jO3O
4M (NP-i.! # 00'.020
NN=N-M 0040400
NL=NN~i 014t06~0
00 10 I=1,M 0 04080S

10 YC(I)=3.0 004.130
00 ZO IzNI,N 060.120

20 TC(I)=0.d 0 04.1 10
MM=M 1. 0 04160
DO 100 I=MM,4N 004180
NISI-M 004200
N? :1 4M 0 0..220
CALL QLSQtX,7,N1,N2,C) 0042'.O
YC(IJ=()X(IX(I)4C(2)*X(I)+C(3) JU4.260

c YPCI)=2. 0*C(1)%' IJ+C(Z)
C YPP(I)=2.0*CC1) 0043O00

iOCONTINUE J42

END 0 0'3rO0



I

SUBROUTINE OERIVI(X,YYPNNPID) 00'.380
C NP MUST 3E AN 000 INTEGER ,GE. 3. 104430
C 10=1 FOR FIRST 3ERIVATIVE. 05420

1 10=2 FOR SECONO DERIVATIVE.
C COMPUTE THE COEFFICIENTS FOR A QUADRATIC LEAST SQUARCS FIT OF NP"

C POINTS ANO COMPUTE THE FIRST DERIVATIVE "YP(1)0. 004480
DIMENSION C(3) X(j)Yf ) YP( J) 934500

M=(NP-i)/2 a052o
'<= rMM 0 0045'.0
NN=N-K §04560
NI=NN4X 004580

00 10 Ir=iK 304600
10 YP(I)=0.0 0Q46Of

00 20 I=NI,N 004640
20 YP(I)=0.3 004660

MM=K i 004680
00 100 I=MMNN 004730
NI=I-M 004720
N2:1 M 004740

CALL QLSQ(XYNXtNZC) 004760
YP(I)=2,a*C(L)fx(l)C(Z) 004750

C YC(I)=C(1j)X(I)*X(I) C(2)*X(I)+C(3) 004800
C YPP(I)=2.0*C(il 004820

iJO CONTINUE 034840
RETURN 004860
END 004880



SUBROUTINE aLSCIX, Y, N1,NZ, C 04'9o 0
DIMENSION X(i),Y(1),C(1J 3 0'920

C 3 049'.3
THIS SUBROUTINE COMPUTES THE QUADRATIC LEAST SQUARE COEFFICIENTS 3309860

*CC3) FOR NP DATA POINTS (NP MUST BE AN 000 INTEGER *GE. 3). 48
C THE DATA NEED NOT BE EQUALLY SPACED. 005000
C C(1)*(X**2)+C(Z)*X+C(3)=Y 005c2o

C( 1)lx +C(2)Jy 9%5G00
C SUBSTITUTE XP=X-FF, WHERE FF IS X((Ni4N2)/2) 105060
C THEN C(3)=C(33+C(i)*FFOFF-C(ZJ*FF 3 501 4

C CC2)=C(2)-Z. 3C(1)*FF 005130
C C(i):C(±) jo5123
C 1 051'.0

F(A1,A2,A3,B±,B2,83,CI,C2,Ci) =Al (B2'C3-833C2)A2*(B3*C1-0~c3) +A3005160

FN=FLOAT (N2-Ni*1) O53

NN=(NI+NZJ /2 1352'3
F~=X (NN) 005243
Zl1o 005260
Z2=0 1,52 30

Z3=1 005300
Z4=0 005320

z5=0 305340
Z6=0 005360
Z7=0 0fl5330

la 00 zo 1ZNL,NZ 005400
XZ=XtI) -F 305420

XI=X2*x2 005440.
ZIi.ix2 005460
2Z2+Xi 00S480

Z3=Z34Xi*X2 0.5509
Z4=Z4,XI*Xi OG5523
Z5=Z5.Y( ) 3 j551-0
ZB:Z6+X2Y (I) 005560
Z7=Z74Xi*Y(I) 005580

20 CONTINUE a35601
DENXF CZ4,Z3,Z2 ,Z3, Z2 #Zip Z2 9Z isFN) 005620
CtiJ =F(Z7,Z6,Z5,Z3,Z2, Z±,ZZ, ZI,FN)/OEN 0056 O
C(2) zF( Z4,Z3, Z2, Z7,Z6, Z5,Z2, Zl,FN /ODEN 00~5660
C(3) FLZ4,Z3,Z2,Z.3,Z2,ZiZ7,Z6,Z53IOEN 0056 0
C(3)=C(3)+Ct1)*FF*FF-C(2)*FF 305711
C(ZJ C(21-Z.dGl)*FF 005720
RETURN 0 157L.G
ENO 3 057 c0
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A4NFLPT(IFT X(FPN/10C.O))*110.3 1~ 1

IF (FPN .LT. 0.0) AMN=AMN-119.L

CALL AXIS(I.0 , . 0 1 AlVCrEl. t r ;,I.I *

NP=46-Nc-l 0 36: 4

NF =Nr!- 1 0 1 ~
DO 100 I1,N 1 0

(: IL L PL TrrTyA 1 N5) , NP ,,A PM, )A ,~ Szr T o0

CALL PL I TZ A(N),NP8,AN,lA,Sy) 17.-

CAlLL P L. r A PES ( 45)NP , 2, A',fPISc: 07 1
,ALL P -"r (Fl ~0,&n- 16 n?



SUPROUTI NE PL (T, YNP,NSY", YMN, CY, SY) 7
CINENSION Ttl),Y(i) OC7220
CATA INI/201 007240
41Ni ~ 1 07260
N2=49+42 03?250
V (Ni)mm (007300
Y(N2) =Qy 007323
SS =SYfJv73L
IF ( OY-130.) 11,20,20 a07361

10 SS =SS~i. 3373 80
W~ TO 3L J07400

23 SS=S S *Q 0 07420
30 Y4X=YMN .SS*CY 3071...a

:)a 6o I=tNp 3 n7t.b2

i0 CONTINUE 0075C0
CALL LI NE( r, ,Np, 1,lNT, NSYM ) J21520
WRTTE,Z003) Tti),Y(i),T(NP),Y(NP),T(NI,T(2),YN,]Y,SY,YMX, 007540,

I SS,NP,NSY4 007560
Z2010 FORMAT(IX9IiFq.3, 15,13) 39758~0

RE TURN 007633
ENO a07520



SUBROUTINE PC (FMNC,FMXC,NST, N2,INC, TEST '7.
COMMON AC5,),C5,9, 5,),X15,),b(5,) Za5,3 7o
DIMIENSION FMNC (3,2) ,FMXC (3,2) 22 076 1
DATA SX/5.0/, SZ/5.0/ ,3EL/2.0/,t~T/O. 105/,JI/7/ , J2/,'/, -2Y712, :S /1307722

F0ELl. 0/DEL 0 77 40
YfMX=AMAXI (FMXC (2,1), FMXC (2,2)) 0G7760
YMx=F..OAT(IFIY(YMX)) 0077 0
IF ( Y4X . GE. 0 . 3) Y?4X=YMX*.0 ~07 11C
YMN=AMINI(FNC(2,I),FMNC(2,2) 3 07F 2c
'zYz( 7)9%-YMN? *R:;EL 3073'4)

zIF I XS f) 007850
IF(SY .5T. FLOATCI)) ST FLOAT(I)-1.3 075

I F (Sy .07. 12.0) 50 T0 5 007900
210 72 70 0 7922

25 SY 1 2. a 0 07'94 0
YMX=Y-N*SY'0EL 0016
IF (F' XC(Z,l) L.E. YMX) GO TO 50 017
00 6.0 I=NST.N2,INC 003000

40 CONTINUE 008040
50 IF (FMXC(2,2) *LE. VPIX) GO TO 70 008060

00 00 I=NST,N2,INC 008080
IF (YY(0,J2) *GT. 1)1%) YIIl,J2):YMX 008100

60 CCNTINUE 008120
70 X-4N=AMIN(FNC(,l),FMNC(1,2) ) 308140

ZMNZAMINi(FMNC(3,1),FMNC(3,2)) 003150
XMX-XMN.OEL'(SX*0.51 008130
ZMX=ZMN+OEL*(SZ+0.5) 008200
IF (FMXC(1,.) .LE. X'4)) GO TO 90 008220
008 SC 1NST,NZ,INC 1038240
IF (XX(I,JI) *GT.XMX) XX(I~oi):XMX 008260

30 CONTINUE 008250
30 IF (FMXC(1,2) *LE. XMX) GO TO 110 00830

0000JO I=NST,N2,INC 0 0830
IF (XX(I,J2) -W. XMX) XX(I,j23XMX 30a340

130 CONTINUE 0336
110 IF (F"XC(3,i) .LE. Z4X) GO TO 130 008330

00 120 I=NST,N42,INC 04F.1
IF (ZZ(I,Jt) .*GT . ZMX) ZZ( I ,J 1) =Z M X08'

120 CONTINUE 3a3844'0
110 IF (FMXC(3,Z( *LE. ZiX) GO TO 150 208,6to

00 140 I=NST, NZ, I NC IwS.1
IF (ZZ(I,J2) *GT. ZMX) ZZ(I,J2)=ZMX 008500

140 CONTINUE 0085201
150 CALL AXIS(0.0,0.0,11HY DISP (IN?, 11,SY,3.3,)iIN,2:EL) 0085.0

CALL AXIS(0.0 0.0,11HZ DI, (IH),l1,SZ,9Q.0,ZMN,0EL) J08560
DO 170 ISNST,N2,INC 068580

Zi=(ZZ(I,J1-ZN)*RDEL ) 086ZO
CALL SYId3OL(Y1,Z1,H4T,ISY7,J. 0,-V) vo6
Y1=(YY(I,J2)-Y4N)*RDEL 060
21~fZZ)I,J)2)-LMN)'RCEL 30ab 0

170 CALL SYM8OL (Vt,Z1,HT ,1S13,3. J,-2) 70
rALL PLJT7(0.0,,3. 0,-3 0)7
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PROGRAM RSDI(INPUTOUTPUT,TAPE7,TAPE5=INPUT, APE6=OUTPUT) 000100

000140
C THIS RESTRAINT SYSTEM DYNAMICS (RSD) PROGRAM DRAWS 6 GRAPHS WHICH 000160
C SHOW THE MOTION OF THE HEAD, SHOULDER, ELBOW, WRIST, HIP, KNEE, AND 000180
C ANKLE AT 6 TIME POINTS DURING THE TEST. 000200
C 000220
C THE INPUT VARIABLES READ BY SUBROUTINE INPT ARE DEFINED IN THE 000240
C WRITE-UP DESCRIBING THE INPUT DATA FORMAT. 000260
C 000280
C THE COMMENTS IN THIS SOURCE LISTING SHOULD ADEQUATELY DOCUMENT THIS 000300
C SMALL PROGRAM. 000320
C 000340
C THE FOLLOWING 5 SUBROUTINES ARE PART OF THIS PROGRAM: 000360
C FRAME -- DRAWS THE PLOT FRAME AND THE SEAT IN THE FRAME; 000380
C BODY -- DRAWS BODY ELEMENTSi 000400
C TANG -- COMPUTES AND DRAWS TANGENT LINES BETWEEN BODY ELEMENTS; 000420
C INPT -- READS ALL DATA EXCEPT THE TITLE CARD, COMPUTES CALIBRATION 000440
C FACTORS, AND CONVERTS DATA FROM COUNTS TO INCHES. 000460
C INTRPL- INTERPOLATES SHOULDER HARNESS POINTS BETWEEN THE FIRST AND 000480
C FIFTH BELT FIDICUAL. 000500
C 000520

DIMENSION DATA(1024),PX(6),PY(6),TITLE(6) 000560
COMMON X(18),Y(18),R(7),ANGSX2,SY2,ITM 000580

C PX AND PY CONTAIN THE SIX PLOT ORIGINS IN SEQUENCE: 000600
DATA PX/0.0,3.25,3.25,-6.5,3.25,3.25/,PY/4.,O.,O.,-3.,0.,O./ 000620
CALL PLOTS(DATA,1024,7) 000640

C PLOT DATA USING A 92 % SCALE FACTOR: 000660
FCTR=0.92 000680
CALL FACTOR(FCTR) 000700

C IP IS THE TIME OR PLOT INDEX; IP IS INCREMENTED FROM 1 TO 6 FOR THE 6000720
C TIME SAMPLES: 000740

10 IP=O 000760
C READ AND PRINT THE PLOT TITLE: 00

7
80

READ(5,1200) TITLE 000800
IF (EOF(5)) 99.',20 000820

20 WRITE(6,2200) TITLE 000840
WRITE(62300) 000860

C SUBROUTINE INPT READS THE REMAINING SETUP DATA PLUS THE 0 TIME DATA 000880
C AND CONVERTS THE DATA FROM COUNTS TO INCHES: 000900

CALL. INPT(IP) 000920
C CONVERT RADII TO PLOT SCALE INCHES; 000940
C THE PLOT SCALE IS 1/2 INCH -1 FOOT (BEFORE APPLICATION OF SCALE 000960
C FACTOR 'FCTR' ABOVE): 000980

DO 30 I1,7 001000
30 R(I)=R(I)/24. 001020

WRITE(6,2000) (R(I),I=I,7),ANG 001040
IP=IP+I 001060
II=18 001080
GO To 55 001100

50 IP.IP+I 0011:0
C CALIB IS AN ENTRY POINT IN SUBROUTINE INPT; DATA ARE READ AND 001140
C CALIBRATED FOR THE IP-TH FRAME: 001160

CALL CALIB(IP) 001180
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11=16 00:200

C CONVERT ALL X AND Z-AXIS DATA TO PLOT SCALE INCHES AND ADJUST TO 001220

C LOWER LEFT PLOT ORIGIN (X AND Z ARE PRESENTLY REFERENCED TO THE 001240
C INTERSECTION OF THE SEAT BACK AND SEAT PAN): 001260

55 DO 60 I=lII 001280
X(I)=X(I)/24.0+2.0 001300

60 Y(I)-Y(I)/24.0+0.5 001320
C PRINT X AND Y DATA IN PLOT SCALE INCHES: 001340

WRITE(6v2100) (X(I)rY(I),I=III) 001360
C SET ORIGIN FOR PLOT 'IP': 001380

CALL PLOT(PX(IP),PY(IP),-3) 001400
C 10 AND IA CONTROL ORDINATE AND ABSCISSA ANNOTATION (0-- ANNOTATION 001420
C IS OMITTED; 1-- ANNOTATION IS DRAWN): 001440

10=0 001460
IF (IP .EQ. 1 .OR. IP .EO. 4) 10-1 001480
IA=O 0015100
IF (IP .GE. 4) IA-1 001520

C DRAW PLOT AND CHAIR OUTLINE: 001540
CALL FRAME(IOIA) 001560

C DRAW FIGURE IN THE CHAIR: 001580
CALL BODY 001600
IF (IP .LT. 6) GO TO 50 001620

C PRINT PLOT TITLE BELOW THE SET OF SIX PLOTS: 001 0
CALL SYMBOL(-5.95,-1.0,0.14,TITLEO.O,60) 001660
CALL PLOT(5.0,0.0,-3) 001680
GO TO 10 001700

999 CALL PLOTE 001720
STOP 'END OF JOB' 001740

1200 FORMAT(6A10) 001760
2000 FORMAT(* RADII IN PLOT SCALE INCHES PLUS THE NOSE-TRAGEON ANGLE I001780

1N RADIANS ARE:*/(11XSF10.3)) 001800
2100 FORMAT(* CALIBRATED DATA POINTS IN PLOT SCALE INCHES ARE:*/ 001820

1 (1lX,SF10.3)) 001840
2200 FORMAT(*1 TEST TITLE: *,6A10) 001960
2300 FORMAT(//* CALIBRATION DATA, RADII, AND CALIBRATED DATA ARE PRINTEO01880

ID IN THE FOLLOWING SEQUENCE FOR INDEX 1=1 TO 16:*/ 0010,0
2 5X,*HIP, KNEE, ANKLE, SHOULDER, */SX,*ELBOW, WRIST. TRAGEON. NOSE))1920
3,*/SX,*LAP HARNESS BUCKLE, AND 7 SHOULDER HARNESS POINTS.*// 001Q40
4* CHECK WRITE-UP OF INPUT CARD FORMATS FUR VARIABLE DEFINITIoNs.*oo1Qs
END )01
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SUBROUTINE FRAME( IOIA) 002000
C 002020
C THIS SUBROUTINE DRAWS THE PLOT FRAME PLUS THE CHAIR WITHIN THE FRAME.O02040

C THE PLOT SCALE IS 1/2 INCH = 1 FOOT. 002060C 002080

COMMON X(18),Y(18),R(7) ANGSX2,SY2,ITM 002100
DIMENSION IABSC(7),IORD(5) 002120
DATA IABSC/2H-4v2H-3F2H-2,2H-l,2H O,2H 1,2H 2/,IORD/IHO,1H1,tH2, 002140

11H3,1H4/,HGHT/0.07/,SX/3.0/,SY/2.5/ 002160
C DEFINE IMAGE FRAME: 002180

CALL PLOT(O.OO.0,3) 002200
CALL PLOT(SX,0.0v2) 002220
CALL PLOT(SXSY,2) 002240
CALL PLOT(O.,SY,2) 002260
CALL PLOT(0.,0.,2) 002280

C DRAW DASHED LINE AT DECK HEIGHT--2.94" ABOVE ABSCISSA: 002300
Y1=2.94/24. 002320
XD-0,096774 002340
X1=-XD 002360
DO 20 I-1,16 002380
XI=XI+XD 002400
CALL PLOT(X1,Y1,3) 002420 i
XI-XI+XD 002440

20 CALL PLOT(X1,Y1,2) 002460
C DRAW X-AXIS TIC MARKS: 002480

Xl=0. 002500
Y1=0.07 002520
DO 40 1"1,5 002540
Xl-X1+0.5 002560
CALL PLOT(XI,0.0,3) 002580

40 CALL PLOT(X1,Y1,2) 002600
C DRAW Y-AXIS TIC MARKS: 002620

X1-0.07 002640
Y-0. 002660
DO 60 f-194 002680
YI=YI+0.5 002700
CALL PLOT(0.O'Yt,3) 002720

60 CALL PLOT(X1,Y1,2) 002740
C FOR IA.:0, DRAW ABSCISSA ANNOTATION: 002760

IF (IA) 85,85,70 002780
70 XI=-1.5*HGHT 002900

Y1--.12 002820
DO 80 I=1,7 002840
CALL SYM9OL(XI,Y1,HGHTIABSC(Z),O.O,2) 002860

80 X1.X1+0.5 002880
C FOR 10OO, DRAW ORDINATE ANNOTATION: 002900

85 IF (10) 120,120,90 002920
90 XI-.5*HGHT 002940

Yis-0.S*mMT 002960
Do to0 1.,5 002980
Y1-Y1+0.5 003000

100 CALL SYMBOL(X1,Y1,HGHT,IORD(I).O.O,1) 003020
C PRINT ELAPSED TIME IN UPPER LEFT CORNER: 003040

120 CALL SYMBOL (0.2,2.25,HGHT.ITM,0.0,3) 003060
CALL SYMBOL(O.48,2.25,HOHTaHMSEC,0.0.4) 003080
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C ORAW SEAT CONFIGURATIONI 00310C
C SX2,SY2 ARE THE COOROINATES OF THE UPPER LEFT CORNER OF THE CHAIR 0331Z0
r SEAT PAN; THE SLOPE OF THE SEAT PAN IS 7.25 DEGREES ANO THE SLOPE 033140
C OF THE SEAT BACK IS 12.67 DEGREES. 013160

SX2al. 261 003130
SY2C.59a 003200
CALL PLOT(l.261,s0St3) 003220
CALL PLOT(SX2,SY2,2) 003240
CALL PLOT(2.90,*592) 003260
CALL PLOT(2.38,2*192) 003280

C ORAW SEAT BACK HEAD RESTS 003Z30
CALL PLOT(2.262,1.637,3) 03320
CALL OLOT(2.223, 2.64692) 003340
CALL PLOT(2.31492.052,2) 003360
CALL PLOT (2.3569 2. 0439 2) 003380
RETURN 00)3400
ENO 003420

193



SUBOUTINE 830Y 0034.40
C U63460
C THIS SUBROUTINE DRAWS THE BODY ELEMENTS PLUS THE SHOULDER HARNESS ANO0034d0
C LAP BE6T POINTS IN EACH FRAME. 013533

00352i
0IM1ENSIO'4 U(9),4(9) 0035160
COMIMON XI,XZ,X3,X4,XS,Xb, l, A6,3X(8),XSS,XL3,Y,Y2Y!,Y4 ,YS,Y6,Y7,0Q3560

IYS,3Y(b) ,YSB,YLB,PI,RZ,R3,R1.,R5,R6,R7,ANG,SX2,SY2,ITM4 qu3S580
DATA Al/3*l/,A2/36V.0/,iGHTlZ.L7/, IZBC3/1/ 20u36J3

C LIRAW HiIP AND KNEE CIRCLES: 00362C
CALL CIRCLE7(Xi+Rl,YI ,AZA2,Ri.,R1,A. OU3610
CALL CIRCLE(X2+RZ,Y2,AlA2,&ZP2,Ai) .)03663

C IPLT~i FOR -lP-TO-KNEE TANGENT LI?'ES AND IPLT)-. FOR ALL OTAER OuJ6B0
C ;ALLS TO SU3ROUTINE OTANG0: 0;3733

IPLT=,1 003729
C COMPUTS rI-TOKNEE TANGENT LINES: 4037'.0

CALL TANG (XitYl, X2,Y29RioR29IPLTtX2Sr2) 303760
75 IPLT=2 0037so

C DRAW ANKLE CIRCLES 103830
CALL CIRCLE(X3+R3,'tAiAZR3,3,Ai.) 003820

C JRAW ANKLE-TO-KNEE TANGENT LINES$ q03840
CALL TANGX2,Y2,X3,Y3,at2,Rt3, PLT,SX2,SYZ) dJ3860

C DRAW Si4OULDER, ELBOW AND WRIST CIRCLES AND TANGENTS: 003880
CALL CIRCLECXb*4,Y4,AiAZR.1.R'.,Ai) 003900
CALL C.IRCLEXS+R5,V5,A±,AZR5,R5,A1, 003920
CALL CI1CLE(X6+R6#Y69A1,A2,R69p6,Al) @03940
IPLT=3 003960
CALL TANrGIX4,V4.X5pr5,R4,RB, IPLT,SX2,SY2) OU3960
IPLT=1. 004400
CALL TANG( XS, YS, X,Y6, RS,R6, IPLT, 5x2,572) 004.020

C :RAW HEAD CIRCLES 134040
CALL CIRCLE(X7'-RTi7,AlsA2,R7,R7,Al) 0Cl4063

C PLOT EYE POINTS 004430
CALL 3YM80L(X8,Y8,HGHT/2.a 3,0. 0 ,-l) ab~1ioc

C !Ot"PJTS AND DRAW HEAD Z-AXIS LINE: 004129
C THETA -- ANGLE TRAGEON-NOSE LINE MAKES IN XqY AXIS THROUGH TRAGEON 001.1~a
C POINT. 004.163

T4ETAATAN2(Y8-Y7,X8-X7) 0'f1.15O
IF (THETA *LT. 0.0) THETA:THETA+6.2831853 0914210

C ANG -- ANGLE BETWEEN TRAGEON-NOSE LINE AND HEAD Z-AXIS. 004.220
q 4NG IS CORPUTEU IN RAOIANO IN SU8ROUTINE INPTs 104240

THETAnTMETA-ANG 004260
XP=R7*C0S(TMETA) J14Z 5o
YP2R7*SINfTHETA) otA30
XLI=X7+XP 0 04329
XLZ X7- XP 3L.31.0
YL2.uY?4rP 004.36C

C PLOT Z-AXIS LINE DETERMINED BY POINTS XLL,yLi. AND XLZ,YL23 004430
CALL PLOT(XLI,YLL,3) 034420
CALL PLOT(XL2,YL2,2) 0D1.440
wRITECG ,21001 XLitYLI, XL2,YL2 004&h60

: PLOT RESTRAINT BELT LOWER ATTACH POINT (XLB,YLS) PLUS THE LAP' BUCKLE 0344df0
C ;DINT CBX(l),aY(1J)S OU45D

CALL SYM90L(XLBYLB,rGHT,IBCD,C. 0,-i) 004.520
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CALL PLOT(BX(I),BY(1),2) a14540
C INTERPOLATE 9 OOINTS BETWEEN L-ST AND 5-TH BELT POINTS; INTERPOLATE 004560
C X DATA FOR A GIVEN Yl J04580

OYz(BY(5)-BY(L))/10* 3063O
00 109 12119 0bZ0

LJO U(I)=BY()+OY*FLOAT(I) 00.640
II=b 004660
12=9 2C468C
CALL INTRPL(IIBY(1),BX(1),IZUV) 004700
WRITE (b,2020) a04720() ( (} (),Zt ) B 1 BYII5,) OkZ

C PLOT THE 9 INTERPOLATED POINTS1 004740

O0 120 I=1P9 J04763
120 CALL PLOT(VCI),U(I),2) 004780

C PLOT THE LAST 4 SHOULDER HAPNESS FOZNTS$ 0J4800

O0 136 1=598 0C4820

130 CALL PLOT (X(I),q8(I)92) 04841)0

C PLOT THE SHOULDER HARNESS SEAT ATTACH POINTI 0C4860
CALL SYMBOL(XS,YS9,HGHTIBCO#0.,-2) q04883

RETURN OQ4900
2010 FORMAT(' LAP SELT AND SHOULDER HARNESS XY POINTS ARE (SUCKLE POIN0o4923

IT, 9 INTERPOLATED POINTS, PLUS THE LAST 4 SHOULDER HARNESS POINTS)Oa49*0
Z11 (lLX,8F10.3)) 004960

2133 FORMAT(- XY POINTS AT BOTH ENOS OF THE HEAD Z-AXIS LINE AREt*/ 004 80

1 Ix,4FI0s3) O00500

ENO 005020
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SUBROUTINE TANG(XIYltX2,Y2RltRt2,IPLTSXZ,SYZ) JOS040

DIMENSION LABEL(2,4) 005050
DATA 090/1.57079633/ Oj5F6p

ItLA6EL/IOH HIP ANDOH KNEE ,LOH KNEE ANO,8H ANKLE , 005080
2 13HSHOULDER A96HN0 ELBOWIOH ELBOW ANO,8H WRIST / J05io

C THIS SUBROUTINE COMPUTES AND DRAWS THE TANGENT LINES CONNECTING 005120
C THE TWO CIRCLES. THE CIRCLE CENTERS ARE AT XioYl AND XZ,YZ AND THE 04514C
C 4ADII ARE RI AND RZ. THE CIRCLES WITH TANGENT LINES FORM THE aOO8 005160
C SEGMENTS. 305130
C WHEN THIS ROUTINE WAS CODEO, Rl WAS ALWAYS o RZ AND XLYi WAS 005200

C ALWAYS FURTHER FROM THE PLOT ORIGIN THAN Xa.Y2; THUS WE WERE ALWAYS 905220
C WORKING FROM THE SMALL CIRCLE TO THE LARGE CIRCLE. HOWEVER, THE 005240
C ALGORITHMS WERE OEREVED SUCH THAT THE COMPUTATIONS SHOULD BE CORRECT OS260

C EVEN IF THESE CONDITIONS ARE NOT FULLFILLEO. 05250
XOxXl-X2 005330

YO= y-Y2 005320
C SLOPE -- SLOPE OF LINE THROUGH THE TWO CIRCLE CENTER POINTS: "05340

SLOPE-Yr/XO 005360
THETA=ATAN(AS(SLOPEI) 005380
FCT=SIGN(L.09,SLOPE) 205440

C OIST - DISTANCE BETWEEN THE TWO CIRCLE CENTER POINTS$ 005420
OIST=SQRT(XO XD+VO'YO) 005440
PHI=ASIN((R1-P2) /ZST) 305-60

C ANGLES THETA AND PHI ARE REQUIRED TO COMPUTE ANGLES Al AND AZ WHICH 01680
C ARE THEN USED TO DEFINE THE X AND Y COORDINATES OF THE TANGENT 004500

C POINTS: 305S20
AIzO9O-THETA-FCT*PHI 005540
AZ=090-THETAFCT*PNZ 3USS60

SUSIN( A1) 005580

SLZSINfAZ) 805600
CUm-FCTOCOSAI.) 005620
CLzFCT4COS4A2) 005640

C ;OMPUTE X AND I UPPER AND LOWER TANGENT POINTS FOR CIRCLE It 005660
XUI=XI*RRICU 005680

YUlzY lR1SU 005730
XLlmXI*RI*CL 005720
YLisYi-RI*SL 005740

C COMPUTE X AND Y UPPER AND LOWER TANGENT POINTS FOR CIRCLE 2: 005760
XUEuXZ RZ*CU 005736
YU2uY2R2*SU 0058 0
XL22X2*RZ1CL 005820
YL2xY2-RZSL 005040

C *LOT UPVE TANGENT LINES 005860
CALL PLOT(XUitYU193) 005880
CALL PLOT(XU2,YU2,2) 005900
WRITE(6,2100) LASEL(IIPLT),LA8EL(ZIPLT),XUiYUlXLIVtLIXU2YUZO,5920

I XLZ.YL2 205940
; PLOT LOWER TANGENT LINES a4150

$0 CALL PLOT(XLIYLI,3) 0115990
IF (IPLT-1) 100,100,60 00600

50 CALL PLCT(XLZYLZ,2) 006020
RETURN 0060O 0

3OTTOM HIP-TO-KNE TANGENT LINE MAY tNTERFERE WITH THE UPPFR LEFT 006060
C COPNER OF THE SEAT PAN (SXZPSYZI ; CHECK AND DRAW LINE ACCORDINGLY. 0B6O0
C IF IT JOES INTERFERE, COMPUTE THE TANGENT FROM THE CORNER OF THE 206103
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C SEAT PAN TO THE KNEE CIRCLE. 006120
C COMPUTE SLOPE OF TANGENT LINES 006140

10 SLOPE=(YL1-YL2)o'(XLI-XL2) 3 6160
C COMPUTE Y (VC) COOROINATE FOR SEAT PAN SX2 POINT; IF YC ) SY2, THEN 016130
C THE SEAT PAN DOESN'T INTERFERE WITH THE HIP-TO-KNEE TANGLNT LINE: 306200

YC=SLOPE*(SX2-XLZ)+YL2 006220
IF CYC *GE* SY2) GO TO 60 OC624C

C COMPUTE TANGENT FROM SX2pSY2 -'> KNEE CIRCLE (R2)1 036260
C KNEE CIRCLE CENTER MUST BE TO THE LEFT OF SXZ,SY21 006280

IF (X2 *GE* SX2) GO TO 150 006320
C 01ST -- OISTANCE FROM CORNER OF THE SEAT PAN TO THE CENTER OF THE 006320
C KNEE CIRCLE: 006340

DISTzSQRT((SXZ-X2) 4'2(SY2-Y2) *2) J06360
IF (DIST oGT, R2) GO TO 120 006380

C OIT TANGENT LINE FOR aIST < RZ----SEAT PAN POINT IS WITHIN THE 006400
C IAOIUS OF THE KNEE CIRCLES Ou64211

WRITE(6,2300) 9IST,R2 03640
GO TO 153 006460

C ALP IS THE SLOPE OF THE LINE FROM THE CENTER OF THE KNEE CIRCLE TO 006480
C THE SEAT PAN POINTS 006500

120 ALP=ATAN((SY2-YZ)/(SX2-X2)) 006520
C COMPUTE GAMMA USING THE TWO KNOWN SIDES OF THE TRIANGLES 006540

GAMmACOS(R2/OIST) 026560
C COMPUTE @PHI@ --- ANGLE IN NEW TRIANGLE REQUIRED TO COMPUTE TANGENT 006580
C POINT XLZ,YL2 BELOW$ 006600

PHrwGAM-ALP 006620
C COMPUTE X AND Y COOROINATES OF TANGENT POINT ON THE KNEE CIRCLES 006640

XL2=X2+P2*COS(PHI) 0C6660
YLZuYZ-RZ6SIN(PHI) 0l66s0

C ORAW THE TANGENT LINES FROM THE HIP CIRCLE TO THE CORNER OF THE SEAT 006720
C PAN TO THE KNEE CIRCLE: 006720

CALL PLOT(SXZ,SYZZ} 006740
WRITE(6,Z'.uO) SLOPE, YCSY2,OISTALP PGAMXL2tYL2 006760
GO TO 60 40679C

150 CALL PLOT(SX2,SY2,Z) 006800
2100 FORMAT(' UPPER AND LOWER TANGENT POINTS FOR THE *,AIOA8,' CIRCLE "06820

IAQ!11(llX,8Fi0.3)) 006840
2310 FORMAT(* THE DISTANCE FROM THE CORNER OF THE SEAT PAN TO THE CENTE306860

IR OF THE KNEE CIRCLE -6,F8.394 THE KNEE RADIUS =*,F8.3) 106830
24.IC FORMAT(* SLOPE, YC, SY2, 01ST, ALP, GAm, XL2, YL2 FROM THE CORNER 006900

1 OF THE SEAT PAN TO KNEE CIRCLE TANGENT POINT COMPUTATIONSI-/ 006920
2 11Xt8FIO#3) 006940

RETURN 006960
END 006980
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SU3ROUTINE INPTCIP) 007800
DIMENSION BAF(10) , XI(7) ,Y1 (7) ,X2(7) ,Y2(7) ,CAL (16) 007020
COMMON X(16),XSB,ALB,Y(16),XSa,b'LO,R(7),ANGSX2,SY2,ITM 0070.0

C THIS SUBROUTINE READS ALL INPUT DATA EXCEPT THE $TITLE' CARD, 007060
C COMPUTES ALL CONVERSION FACTORS (COUNTS TO INCHES), AND 007080
C CALIBRATES ALL DATA. 00710
C THE DATA POINT SEQUENCE IS$ 007120
C INDEX PARAMETER 107140
C I HIP 007160
C 2 KNEE 007150

C3 ANKLE 0072uO
C 4. SHOULDER J07220
C 5 ELBOW 007240
C 6 WRIST 007260
C 7 TRAGEON 007250
C 3 NOSE 007300
C 9 HARNESS BUCKLE 037320
C IJ-16 SHOULDER HARNESS 00734.0

DATA RAO/57.2957795/ 007360
C 4EAD AND WRITE ALL TEST PARAMETER INPUT DATA; 30738C
C ALL PARA4ETER SYMc3OLS SHOULD SE DEFINED IN THE WRITE-UP DESCRIBING 0071.30
C THE FORMAT OF THE INPUT DATAS 0071.20

RAa(591000S OPS,OSC,DPF,DSF,XSB,YSB,XLB,YLB,XASSF,YASSF 0074.40
WRITE(6,3010) DPS,OSC,DPF,OSF,XSBVSB,XLBYL8,XASSF,YASSF 0071#60
READ(5,1000) BAF 3074.8d
WRITE(6,3020) BAF 007500
READ (5,1000) XPF,YPF,XPA,YPA ,XSF, YSPXSA, YSA 007520
WRITE(6,3030) XPF,YPFXPA,YPA,XSFYSF,XSA,YSA 0075140
REAO(591104) (XI(I),Ti(I),XZ(I),Y2C1)vI=2,6) 307560
WRITE(6,3040) (XI(I),YI(I),X2(I),V2C1),I=2,6) 907580
REAO45,1000) TX,T-f,EX,EY 0076CO
WRITE(6,3050) TX,TY,EXEY 007620

C :OMPUTE PANEL AND SEAT CONVERSION FACTORS: 007640
PCAL:SQRT((XPF-XPA)42.tYPF-YPA)**2)/OPF 007660
SCAL=SQP<T( (XSF-XSAI '2+(YSF-YSA) *2)fDSF 007680

C COMPUTE OISTANCE FROM THE FOCAL POINT TO T4E SEAT (SS)l 007710
SS=(OPSDSF)/ (OPF-(SCAL/PCAL) 'VPF) 007720
wRITE(6,3060) PCAL,SCAL,SS 00771.0

C COMPUTE THE ANGLE THE TRAGEON - NOSE LINE MAKES WITH THE Z-AXIS 037760
C THROUGH THE HEADS 001780

OXaT X-EX 007800
OY=TY-EY 007820
ANGUATAN(AMSOX/OrI I 00784.0

C COMPUTE REMAINING CONVERSION FACTORS8 007660
00 t0o 121,10 00788

IJO CAL(I)=SS'SCAL/(SSOSC-SAF(I)/2.0) 007900
DO LIU 1213916 07920

lid CAL(I)zCAL(IO) 067940
DCAL=CAL (13)-CAL (9) 007960

: COMPUTE RADII OF ALL SOOY ELE"ENTS EXCEPT THE HEAD AND T4HE HIPS 007980
00 150 12296 308000

ENTRY CALIB 008040o
C iEAD PHOTO DATA FOP EACH TIME SETS 008060

READ(5,1200) ITM Ga6050
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WRITE(6,Z100) ITm 008100
REAO(5,1190) XSFF,YSFF,XSAF,YSAF,CX(I) ,Y(I),I11,16) 308120
WRITE(6,3100)XSFFYSFF,XSAF,YSAF,(X1),(I),I=,16) 1081.0

C ^COMPUTE CALIB FACTORS FOR 3 SHOULDER STRAP POINTS WITHOUT FIDUCIALS1 008160
Vf~UzY(g) 008130
YFCTzOCAL/CYC 13) -YOU) 008210
CALt10)=CAL(9)'-YFCT*(Y(10)-Y9U) 008220
CAL(11)mCAL(g)4.YFCT*(Y(11)-Y8U) 0058240
CAL(12)=CAL(9)+YFCT-CY (12)-Y8U3 008260
WRITE(6,220C) CAL 008250

C CALIBRATE ALL DATA FOR I-TH FRAME1 00830G
XSAF=XSAF/SCAL 008329
YSAF=YSAFISCAL QJ8340
XF=XASSF-XSAF 008360
YF :YASSF-YSAF 006350
00 2O0 I21916 0084.30
XCI) =X(I) /CAL (I) .XF 008420

IF (IP *GTs 0) RETURN 008460
C COMPUTE RADII OF HIP AND HEAD (FOP 0 FRAME ONLY) S 008480

XHR=0.23Q76923*Y(7)-1. 0190769 008500
R(7)z(XHR-X(7))*COS(12.6667/RAD) 008520
YSP=-G. 1263*X (1.) 008540
R(1) uCY(1)-YSP)*C057. 25/RAD) 008560
RETURN 008550

1(S03 FORMAT(5X,10F7.0) 008600
Lino0 FORMAT(SX96F7.0) 00862l
12UO0 FORMAT(5XA3) 008640
2130 FORMATC*IIThz4 ,A3#0 14SEC; INPUT DATA FOR THIS TIME FRAME AREt*/) 008660
2200 FORMAT(* CALIBRATION DATA FOR THIS TIME FRAME AREt~/ 308650

1 (11X,8Fl0e.3)) 006700
3010 FORMATt~lDPS ETC~x,10GF1093) 008720
3020 FORMAT(* OAF ETCeZ,1i0Fi0.3) O0871.0
3030 FORMATI* XPF ETC.=',10F10.3) 008760
30..0 FORMAT(* X1 ETC.z*,8Fi0. Y(IIX,5F10.3)) 008780
3050 FORMAT(* TX ETCN*94F10. 3) 008800
3060 FORMAT(* OICAL ETC.z,3Fi0.3) 0088 2U
313C FORMATC*OXSFF ETC.x~,8F10.3/(11Xq8FlG.3)) 008840

END 008860
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SUBRCUTINE INTRPL(LXYN, UV) 308850
Z INTERPOLATION OF A SINGLE-VALUED FUNCTION 008900
C TAKEN CROM COMMUNICATIONS OF ACM, OCTOBER 1972, VOL 151 NUMBER 12. 308920
C ALGORITHM NUMBER 433. o00390
S REPRINT PRIVILEGE GRANTED BY PERMISSION OF THE ASSOCIATION FOR 308960
: 0ompUrING MACHINERY. 3089 0
c 1090io

: 71S SUBROUTINE INTERPOLATES, FROM VALUES OF THE FUNCTION 009a20
C GIVEN AS ORDINATES OF INPUT DATA POINTS IN AN X-Y PLANE 239040
C AND FOR A GIVEN SET OF X VALUES (ABSCISSAS), THE VALUES OF 009060
C A SINGLE-VALUED FUNCTION Y=Y(X). 209080
C 009102
c 009120

C THE INPUT PARAMETERS ARE 009140
C 009160

C L = NUMBER OF INPUT DATA POINTS(MUST BE 2 OR GREATER) 009150
c X = ARRAY OF DIMENSION L STORING THE X VALUES(ABSCISSAS) OF INPUT 009200
c DATA POINTS (IN ASCENDING OROER) 009220

Y = ARPAY OF DIMENSION L STORING THE Y VALUES(OROINATES) OF INPUT 009240

C DATA POINTS 0D9260
C N = NUMBER OF POINTS AT WHICH INTERPOLATION OF THE Y VALUE 009250

C (ORDINATE) IS DESIRED (MUST BE i OR GREATER) 049300
C U z ARRAY OF DIMENSION N STORING THE X VALUES (ABSCISSAS) OF 009320
C DESIRED POINTS 099340
C 009360
C THE OUTPUT PARAMETER IS 009380

C 009400
c V = ARRAY OF DIMENSION N WHERE THE INTERPOLArEO Y VALUES 0094zc

C (ORDINATES) ARE TO BE DISPLAYED 009440
c009460
C DECLARATION STATEMENTS Q09480
C 009500

DIMENSION X(L),Y(L),U(N),V(N) 009520
EaUIVALENCE (P3,X3)(QO,Y3),(QioT3) 009540
REAL M10N2M3M40M5 009560

EQUIVALENCE (UK,DX),(IMNX2AiM1J,(IMXX5,A5,M5), 009580
1 (JSWSA),(Y2U29,W4,QZ) (Y5,W.,Q3? 009630

C 009620
C PRELIMINARY PROCESSING 009640

009660

13 LO=L 009680
LMI=LO- 09970.
LM2=LMi-i 009720
LPI2LU+l 009740
NI=N 009760
IF(LM2 *LT* 0) GO TO 90 009780
IF (NO ,LE. 0) GO TO 91 009800
O0 1 I=2,Lg 009620
IF (X(I-)-(I)) 11995,96 009840

li CONTINUE 0986c
PV=0 009880

C 009900
C 44IN 00-LOOP 039920

0099'.0
CO 80 K=I,N0 309960
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UK=U (K) 009980
310000

C ROUTINE TO LOCATE THE DESIRED POINT 01002C

20 IF(LM2 .EQ. 0) GO TO 27 010060
IF (UK *GE. X(LO)) GO TO 26 010083
IF(UK LT. X(1)) GO TO 25 010.00
INN=2 010120
IMXmLO 010140

21 i=(IMN ImX)/2 010160
IF (UK oGE. X(I)) GO TO 23 010180

22 IMX=I 010200
GO TO 24 010220

23 IMN=I1+ 310240
24 IF (IMX *GTe INN) GO TO Z1 310260

I=IMX 413280
GO TO 30 310300

25 I=1 010329
GO TO 30 010340

26 I=LPI 010360
GO TO 30 010380

27 1=2 010400
C 010420
C C4ECK IF I=IPV 010440
C 010460

30 IF (I .EQ. IPV) GO TO 70 310480
IPV=I 010500

C 010520
C ROUTINES TO PICK UP NECESSARY X AND Y VALUES AND 010510
C TO ESTIMATE THEM IF NECESSARY 010560
C 010580

40 J- 010600
IF (W .EQ* 1) J=2 010620
IF (J oEQ. LPI) J=LO 010640
X3=X(J-1) 010660
Y3=f(J-1) 013680
X4=X(J) 010700
Y4=Y(J) 0107Z0
A32X4-X3 010740
M3=(Y4-Y3)/A3 110760
IF (LM2 *EQ. 0) GO TO 43 010780
IF 0 *EQ. Z) GO TO 41 010800
X2=X (J-2) 010622
Y2=Y (J-2) 010840
A2zX3-X2 010860
M2z(Y3-Y2)IA2 010880
IF (W .EQ. LO) GO TO 42 313900

41 Xs5X(J,1) 010920
Y5zV(J1I) q10940
A4:X5-X4 010960
M4=(YS-Y4)/A4 010980
IF (J *EQ. 2) M2'M3.M3-M4 011000
GO TO 45 J11020

4Z M4=M3 M3-M2 011040
GO TO 45 01106
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'.3 M2=43 011680
M43sM3 314110

45 IF (J eLE. 3) GO TO 46 stliz

GO TO 47 011180
4.6 Ml2M2-Mi3 011200
'.7 IF WJ GE. LIX) GO TO'. 011220

AS=X(CJ.2I-XS 311240
M5=tY (Jf')-Y5)/A atiz±160
GO TO sc 211260

.8 1qSzt4+M4-M3 011300
C 111320
C NUME~RICAL DIFFERENTIATION 011340

50 If (I .EQ* LPI) GO TO 52@210

W3mA BS w.Z-MV 41±40

SU2a42+W3 011440
IF (SW *NE. 0*g) GO TO St. 011460
w2moes 011460
W3*0.5 a1±500
swxi.o a11520

S1 T3z(W2*12,I43*"31 /W 1IL40
IF (I .Eas ±3 GO TO 54 011560

52 W3=AS(nS-'tJ) 0115so

SNzW3+W4 011620
IF (SW *NC. 400 G0 TO 53 011640
Wsx0.5 011660
W4:e0.S 011680
Swa1.4 011740

S3 T4a(3 3W~PJSW 2023
IF (I *NE* LPI) GO To 60 911740
T3T ILL760
SA=A2#A3 01±750
T4=0 .50 (44+"5-h2* A2&31 4 MZ43) (S A4SA) 301180

Y3zY4 211840

A30~A2 31168
M3uM4 o1±810
GO TO 6UC 011900

SA=A3*14# 62194.0
MO. 54 -A'** -A- 6M3-"4 P(ASA) 1011960

X3xK 3-A4 o019so
y3uV3-q2*Ajp 012030

S~ 0SflRIINATION OF THE~ COEFFICIENTS 412040
C 0±2± 00

60 Q2m(2.Q0t3-T3i+M3-T4) /A3 siZi2G

C 012160
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C COMPUTATION OF THE POLYNOMIAL 01z180
C 012200

70 OXaUK-PC 012220
3O V(K)=QOqOX-(01OX*(Q2*OXOQ3)) 012240

RETURN 312260
C 012280
' ERROR EXIT 312330
C 01Z320

40 WRITE (6,2990) 012340
GO TO 99 012360

31 WRITE (6,2091) 012360
GO TO 99 012130

95 WRITE (6,2095) 0124Z0
GO TO 97 0124,10

96 WRITE (6,2096) 012460
37 WRITE (b,2097) IX() 912480
99 WRITE (6,2099) LONO 012510

RETURN 012520
C 012540

FORMAT STATEMENTS 012560
C 012580
2010 FORMAT (IX/22H ; L a I OR LESS./) 012600
2091 FORMAT (lX/22H *** N x 0 OR LESS./) 012620
2095 FORMAT (1X/27H *** IOENriCAL X VALUES*/) 012640
2036 FORMAT(1X/33M *** X VALUES OUT OF SEQUENCE./) 012bbo
Z097 FORMAT (SH I =z,7,IOXv6HX(I) uE12*3) 012680
2039 FORMAT (6H L =,17,OX,3HN x9I7/36H ERROR DETECTED IN POUTINE 012730

1INTRPL) 112720
END 012740
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APPENDIX D

PROGRAM CHIFPD
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PROGRAM CHIFPO(INPUT,OUTPUT,TAPE5zINPUT,TAPE6OUTPU') 000100

C 000140
C PROGRAM @CHIFPO* CALISPATES THE *HZFPO' PROGRAM INPUT DATA. 000160
C 000150
C THE PROGRAM COMPUTES THE FOLLOWING FOR EACH (XqZ) OATA POINTS 000200
C (1) MAGNITUDE R=SQRtT(X--2*Z*-2) ---. 3, RN COUNTS 000220
C (2) ANGLE ALPHA=RI(l38o68'.81599 57.2S577951) --- 3 ALPHA IN RADIANS 000240
C (3) ADJUSTED R=sRAzgI'COSd ALPHA) --- P RA IN COUNTS 000260
C 141 AOJUSTED X=XAuX*RAIR -- 3 XA IN COUNTS 000250
C (5) ADJUSTED Z=ZAxZ*RAIR -- ZA IN COUNTS 000300
C 0O0O2
C OATA ARE READ AND PRINTED IN THE STANDARD HNIFPOf PROGRAM FOR4AT. 000340
C 805360

DIMENSION X(4),Z(41,XA(4),ZA(4) oo00400
DATA RAO/57.29577951/,CON/138.6846159/ 000420
FCTsCON*RA0 000440

10 REAO(9,1080) F1,(X(IlZ(I) ,Iul#4) O00460
IF (EOF(5)) 9999ZD 30480

20 DO 100 Ial#4 304500

ALPHUR/FCT 000540
CIzCOS(IALPH) 000560
XA CZ)sX(I)/C1 000580
ZA(I)sl(If/Cl 000b00

100 CONTINUE 000620
WRITE(6,1000) FI,(XA(I),ZA(I),Ix1,4) 500648
GO TO 10 060660

999 STOP 06S0
1090 FORMAT(A5,8F790) 000700

ENO 003725

205

*U.S. Governlment Printing Office: 1981 75 7-0021422



ATE

I'LME IIF


